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1. INTRODUCTION

This Feasibility Study (FS) Addendum report was developed to evaluate potential remedial alternatives
for the highly contaminated sediments from the Hot Spot area of the New Bedford Harbor Superfund
site. These sediments have been removed from the harbor and are currently stored on-site in a lined
facility while U.S. Environmental Protection Agency (EPA), the State, and members of the local
community Forum Group evaluate potential cleanup alternatives. The Hot Spot sediments have high
levels of Polychlorinated Biphenyls (PCBs) and to a lesser degree, are contaminated with polynuclear
aromatic hydrocarbons (PAHs) and several heavy metals including cadmium, copper, chromium and
lead.

The report is an addendum to the Hot Spot Feasibility Study (Ebasco, 1989) and was prepared by Foster
Wheeler Environmental Corporation (Foster Wheeler) for the EPA under Contract No. 68-W9-0034.
The results of this report will be used by EPA in conjunction with the documents contained in the New
+Bedford Harbor Administrative Record, and input received from the state and the local community to
evaluate a remedy for the Hot Spot sediments.

This FS Addendum is focused on identifying and evaluating remedial alternatives to address the Hot
Spot sediments removed from the harbor. Since this document is an addendum to the 1989 Hot Spot FS
it relies on the FS for some of the traditional components of a Feasibility Study, including site
characterization, risk assessment, etc. This document is based on the assumption that the overall site
cleanup (non-Hot Spot refated) will proceed on a separate but parallel track. The remedial alternatives
presented in this document were designed to be free standing and are for the most part, not linked to, or
dependent upon, overall site cleanup activities.

w This FS Addendum includes a full range of remedial alternatives utilizing several remedial approaches
including no further action, treatment or containment. The range includes several remedial alternatives
that would be conducted entirely at the site, several that include a mix of on-site and off-site activities,
and two remedial alternatives which have significant off-site treatment or disposal components. This
document utilizes the results of site specific treatability studies recently conducted on the Hot Spot
sediment to assess the performance of several alternative treatment techitologies.

This section of the report includes a background discussion on the Hot Spot sediments, a general
description of the overall New Bedford Harbor site and activities conducted to date, a summary of site
investigations performed and an overview of the contents of this report.

1.1 Background Information

A Record of Decision (ROD) for the Hot Spot portion of the New Bedford Harbor site was issued by
EPA in April 1990. It called for dredging about 5 acres of sediments with PCB levels in excess of 4,000
parts per million (ppm). The ROD also specified treatment of the contaminated sediments through on-
site incineration. However, due to a congressionally supported reversal in public support for the
incineration remedy at about the time the incinerator was being mobilized, EPA and the Massachusetts
Department of Environmental Protection (DEP) agreed to terminate the incineration contract and pursue
treatability studies for alternative treatment technologies.

Revo ¥*xkk DRAFT FINAL *oe*** 12130197

D97-042 1- ’



Removal of the Hot Spot sediments from the harbor was completed via hydraulic dredging during the
1994 and 1995 construction seasons. In 1995, EPA prepared an Explanation of Significant Difference
(ESD) (EPA, 1995) to address mterim storage of the Hot Spot sediments in the lined facility while the
treatability studies and Feasibility Study Addendum were being completed. This interim storage facility
is a double-lined Confined Disposal Facility (CDF) constructed along the New Bedford shoreline at the
end of Sawyer Street. The CDF was originally constructed in 1988 as part of a pilot dredging and
disposal study conducted by EPA and the U.S. Army Corps of Engineers (USACE). The facility was
upgraded in 1993 to include a double High Density Polyethyvlene (HDPE) liner system in support of the
initial Hot Spot cleanup activities. Specifically. the CDF was planned to be used as a staging cell for the
PCB contaminated sediments following dredging. and prior to incineration.

The treatability study process began in early 1994 with a series of presentations by potential treatment
vendors to the community Forum group that was established for the site. Three general types of PCB
treatment methods were selected by the Forum group for further treatability studies including: (1)
solidification/stabilization (S/S). (2) contaminant destruction; and, (3) contaminant separation and
destruction. The difference between the latter two treatment methods recognizes that many treatment
technologies require the PCBs to be separated from the wet Hot Spot sediment before the technology will
work.

The treatability studies were designed to support the Forum group’s goal of finding a viable and safe non-
incineration treatment technology to destroy and/or immobilize the toxic constituents (primarily PCBs and
metals) of the Hot Spot sediment and to maximize community involvement. The specific objectives of the

treatability studies included the following:
* Provide a waste profile for the Hot Spot sediments.
e Evaluate and quantify the effectiveness of each treatment technology to meet the project goals.

e Quantify the disposition of materials to support a mass balance evaluation.

s Produce data of sufficient quality such that a risk assessment of treatment residuals, if required, can
be conducted for each technology.

e Evaluate the viability of the treatment technologies/processes to be scaled-up to full scale
operations including the overall development time-frame and estimated full scale treatment costs.

¢ Characterize the operational hazards associated with full scale implementation of the technologies.

» Evaluate the technologies™ performance against the nine detailed evaluation criteria contained in the
National Contingency Plan (NCP), including the ability of the treatment technologies to reduce the
toxicity, mobility, and volume of the hazardous constituents.

The contaminant destruction and contaminant separation and destruction technologies were tested at pilot
scale. The tests were conducted on-site during the summer and fall of 1996 and included: (i) solvent
extraction and solid phase dechlorination with a combination of lonics, Resources Conservation
Company (lonics RCC) and Commodore Remediation Technology Incorporated (CRTI) technologies;
(1) Vitrification with the Geosafe Corporation (Geosafe) process: and, (iii) thermal desorption and gas
phase chemical destruction with the ELI Eco Logic International, Inc. process operated in a teaming
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agreement with Science Applications International Corporation (SAIC/Eco Logic). The treatment
methods and a brief process description is included in Table 1-1.

Table 1-1
Pilot Scale Treatability Study Program

Treatability Study No. Vendor(s) i Treatment Method ! Process Description
] i lonics RCC/CRTI i Separation ¢ Solvent Extraction
: i Destruction i Solid Phase Dechlorination

...................................................................................................................................................................................................................................................

i Geosafe ¢ Destruction ¢ Vitrification

............................. 3SAIC/EcoLoglcSeparanonThermalDesorptnon
: ! Destruction ¢ Gas Phase Reduction

NS

In summary, the cesults of the treatability study program demonstrated that the contaminant destruction, and

v contaminant separation and destruction processes were effective to varying degrees. The studies also
demonstrated that material handling was more difficult than originally envisioned by each of the treatment
technology vendors.

S/S bench scale studies were completed for three different admixtures. Admixtures were provided by
MARCOR, Inc. (Marcor) and World Environmental Corporation (World). In addition, commercially
available Portland cement and absorbent clay were tested as admixtures. The studies were conducted on-
site and at the bench scale level with leaching tests and compressive strength being used as the primary
performance indicators. The results of the S/S studies indicated that this technical approach was not
effective in minimizing the leachability of the PCBs from the Hot Spot sediment.

- A more detailed summary of the treatability testing is included in Section 4.2 The results from each study
are presented in detail in subsections of Section 4 of this document.

1.2 Site Location and Description

The New Bedford Harbor Superfund site is located approximately 55 miles south of Boston along the
northwestern shore of Buzzards Bay. The site consists of approximately 18,000 acres of estuary, harbor and
bay areas contaminated with PCBs and heavy metals (Figure 1-1). Studies conducted by EPA during the
late 1970s discovered PCB contamination in sediments over a widespread area and in several species of
marine biota. The biota concentrations were in excess of the U.S. Food and Drug Administration (FDA)
edible tissue tolerance limit of 2 ppm. In addition to PCBs, other contaminants including lead, cadmium,
chromium, copper, and PAHs have also been found in the sediments.

As a result of the widespread PCB contamination and the accumulation of PCBs in marine biota, the
Massachusetts Department of Public Health (DPH) established three fishing closure areas in New Bedford
Harbor and areas of Buzzards Bay in September 1979 (Figure 1-2). These closures are still in effect. Areal
is closed to all fishing: including finfish, shellfish, and lobsters. Area Il is closed to the taking of lobsters
and bottom-feeding finfish, such as eels, flounder, scup, and tautog. Area 1l is closed to lobstering only.
Closure of the New Bedford Harbor and Upper Buzzards Bay areas to lobstering has resulted in the loss of
approximately 18,000 acres of productive lobstering ground.
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In July 1982, the site was proposed for addition to the EPA Superfund National Priorities List (NPL)
making it eligible for federal funds to further investigate the nature and extent of contamination and to
evaluate potential clean-up alternatives for the site.

For the purpose of conducting site studies, the New Bedford Harbor site was divided into three geographical
areas: the Hot Spot area, the Acushnet River Estuary and the Lower Harbor/Upper Buzzards Bay (Figure
[-3). Treatment alternatives for the Hot Spot sediment are the focus of this FS Addendum. The Hot Spot
was a S-acre area located along the western bank of the Acushnet River Estuary. PCB concentrations in the
Hot Spot area ranged from 4.000 ppm to over 200.000 ppm. In 1989, the Hot Spot was designated by EPA
as a separate operable unit for remediation. A ROD was signed on April 6, 1990 by the EPA Region |
Administrator documenting the rationale and selection of the preferred remedial measures for the Hot Spot
area.

The remedial measures for the Hot Spot included the dredging and treatment of PCB contaminated
sediment from this S-acre area. The dredging for this operable unit was completed during the fall of 1995.
The treatment component of the Hot Spot sediment ROD was placed on hold when EPA canceled the
incineration contract in 1994, (On behalf of EPA and in close coordination with the community Forum
Group, Foster Wheeler was requested to conduct an evaluation of non-incineration remedial alternatives for
the Hot Spot sediment. The evaluation consisted of the performance of four treatability studies which are
discussed in Section 4 of this document. The results of these treatability studies have also been
incorporated into the remedial alternatives section (Section 6.0) of this FS Addendum.

The remainder of the site, the Estuary and Lower Harbor/Bay areas, are being addressed by EPA under a
separate operable unit. The Acushnet River Estuary is an area of approximately 230 acres (excluding the
Hot Spot area), extending from the Wood Street Bridge to the north, to the Coggeshall Street Bridge to the
south. Sediment PCB concentrations in this area (excluding the Hot Spot area) range from below detection
to approximately 4,000 ppm. The Lower Harbor area consists of approximately 750 acres extending from
the Hurricane Barrier, north to the Coggeshall Street Bridge. Sediment PCB concentrations in this area
range from below detection to over 100 ppm.

The Upper Buzzards Bay portion of the site extends from the Hurricane Barrier to the southern boundary of
Fishing Closure Area II1, an area of approximately 17,000 acres. Sediment PCB concentrations in this area
range from below detection up to over 100 ppm in certain localized areas. EPA is currently evaluating a
remedy for these portions of the site imvolving removal through dredging and disposal in four CDFs located
along the New Bedford shoreline. EPA plans to issue a ROD for these parts of the site in 1998.

1.3 Site Investigations

This section briefly describes some of the major studies that have been conducted for the New Bedford
Harbor site. More comprehensive documentation of these studies is included in the EPA Site

Administrative Record.

Following the NPL listing. EPA initiated a comprehensive assessment of the PCB problem in the New
Bedford area in August 1982, This assessment included environmental sampling at the New Bedford and
Sullivan's Ledge landfills; an area-wide ambient air monitoring program: development of a sediment PCB
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profile for the Acushnet River and the Harbor; biota sampling in the Istuary, Lower Harbor, and Bay: and a
study of sewer system contamination. The results of this overall assessment were presented in a Remedial
Action Master Plan (RAMP) tor the site in May 1983 (Roy F. Weston, Inc., 1983). The RAMP included
recommendations for studies to further delineate the contamination problems.

Concurrent with the assessmenrs leading to the RAMP, EPA compiled a database of sampling and
analytical results from previous studies in the New Bedford Harbor and Buzzards Bay arca. The final report
on this data collection effort was ssued by EPA in August 1983 (Mectcalf & Eddv, 1983).

In 1984, a Feasibility Study (FS) was conducted for the EPA by the NUS Corporation (NUS, 1984). This
F'S presented five remedial clean-up alternatives for the Estuary portion of the site, four of which involved
dredging activities to remove or isolate the contaminated sediments. During the public comment period,
comments from the general public. the Potentially Responsible Parties (PRPs) and other governmental
agencies raised concerns regarding the adequacy of available dredging techniques. These concerns included
sediment/contaminant migration and the potential release of leachate from unlined shoreline disposal
facilities.

In addressing these questions, [:PA obtained assistance from the USACE. This assistance included
performing a number of predesign studies to address specific concerns and to develop a conceptual
dredging and disposal alternative for the Estuary portion of the site. The predesign studies which were
performed included a detailed characterization of the sediment, an evaluation of leachate and surface runoff
from sediment disposal facilities, a determination of the required cap thickness to isolate the contaminated
sediment, bench-scale testing of solidification technologies and bench-scale testing and computer modeling
to evaluate contaminant migration during dredging and sediment disposal activities. The results and
conclusions of these predesign studies are presented in an eleven (11) volume Engineering Feasibility Study
(EFS) report series (Francingues and Averett, 1988).

In 1986, EPA initiated work on an overall Feasibility Study to address the Hot Spot, Estuary and Lower
Harbor/Bay areas of the site. The overall study was designed to evaluate remedial measures for these
portions of the New Bedford Harbor site and to integrate the work of the USACE into the process of
developing specific remedial alternatives for the three areas. Remedial alternatives for the Hot Spot area
were presented in a Feasibility Study completed in 1989 (Ebasco, 1989); remedial alternatives for the
Estuary and Lower Harbor/Bay areas were presented in a study completed in 1990 (Ebasco, 1990).

The USACE EFS was expanded to include a pilot-scale demonstration ot dredging and dredged material
disposal. The pilot study evaluated the performance of three hydraulic dredges and two sediment disposal
techniques under actual operating conditions. The study was conducted in a cove along the New Bedford
shoreline and included an evaluation of mudcat, matchbox and cutterhead dredges to remove more than
10.000 cubic yards of sediment. of which, approximately 3,000 cubic yards were contaminated with PCBs
ranging from 150 ppm to 585 ppm. The results of the study indicated that the cutterhead was the most
effective dredge with respect to minimizing sediment resuspension and contaminant migration. The two
sediment disposal techniques included a shoreline CDF and a method of subaqueous capping termed
Contained Aquatic Disposal (CAD). Disposal studies indicated that the CAD technique was not completely
successful in isolating the contaminated material. The results and conclusions of the study were presented
in a report prepared by the USACE. (Otis et al, 1990).
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In 1992, the EPA tasked Foster Wheeler to complete a Supplemental Feasibility Study (SFS) for the Upper
Buzzards Bay portion of the site. The SFS evaluated a series of five remedial alternatives to address PCB
contamination exceeding 10 ppm in this 17,000 acre area of the site. The five remedial alternatives
evaluated for the Upper Bay were consistent with the alternatives evaluated for the Estuary and Lower
Harbor areas in the 1990 FS. The alternatives included no action; dredging with shoreline disposal:
capping; a combination of capping with shoreline disposal; and dredging, sediment treatment and shoreline
disposal.

The SFS was released by the EPA in conjunction with its Addendum Proposed Plan in May 1992. The EPA
is currently evaluating comments received on these documents along with the comments received on the
January 1992 Proposed Plan for the Estuary, Lower Harbor and Bay portions of the site. The EPA released
an updated Proposed Plan in November 1996 which specifically addresses both state and local comments
which have been received on the prior Proposed Plans, the Estuary, Lower Harbor and Bay FS (Ebasco,
1990) and the SFS (Ebasco, 1992). EPA is currently preparing a comprehensive Responsiveness Summary
to formally address comments on the 1992 and 1996 Proposed Plans. This Responsiveness Summary will
be included with the ROD for the overall site cleanup which is scheduled to be issued in early 1998.

1.4 Report Organization

This FS Addendum contains six sections in addition to this introduction. Section 2 provides a description of
the Sawyer Street location where the Hot Spot sediments are currently stored and a chemical and physical
profile of the sediments. Applicable and Relevant and Appropriate Regulations (ARARs) are presented and
discussed in Section 3. The results of the 1996 bench and pilot scale treatability test programs are presented
in Section 4. Sections 5 and 6 include the development and detailed analysis of remedial alternatives,
respectively. References for this FS Addendum are presented in Section 7.

Appendix A to this FS Addendum includes the Technical Memorandum prepared by Foster Wheeler to
discuss the procedures and results of the bench scale S/S testing. Appendix B includes a description of the
project specific ARARs for each of the eleven remedial alternatives presented in Section 6. Documents
prepared during the treatability study testing and the laboratory data from the tests are included in a ten
volume New Bedford Harbor Hot Spot Treatability Study Data Compendium (Data Compendium). The
contents of the Data Compendium are referenced, as appropriate in this FS Addendum and are listed below.
For treatability studies which used high temperature processes, stack testing was conducted by TRC
Environmental Corporation (TRC). Their reports are also included in the Data Compendium.

Volume I: lonics RCC/CRTI - Test Report for On-Site Pilot Scale Demonstration Testing of the

B.ES.T.® Solvent Extraction Process and Solvated Electron
Technology at New Bedford Harbor, prepared by lonics RCC

Volume 1I: lonics RCC/CRTI - Laboratory Data (Part )
Volume I1I: lonics RCC/CRTI - Laboratory Data (Part LI)
Volume IV: Geosafe - Pilot-Scale Treatability Testing of the In Situ Vitrification (ISV)

Technology PCB-Contaminated “Hot Spot” Sediments from the
New Bedford Harbor Superfund Site, prepared by Geosafe
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Volume V:

Geosafe - Laboratory Data (Part I)

AT
Volume VI: Geosafe - LLaboratory Data (Part 1)
Volume VII: Geosafe - Source Testing Results of Treated Sediment at the New Bedford
Harbor Superfund Site, prepared by TRC
Volume VIII:  SAIC/Eco Logic - On-Site Pilot-Scale Testing of the Eco Logic Process at the New
Bedford Harbor Superfund Site. prepared by SAIC Eco Logic
Volume [X: SAIC/Eco Logic - Laboratory Data
Volume X: SAIC Eco Logic - Source Testing Results of a Treatability Study at
the New Bedford Superfund Site, prepared by TRC
--wr
“agri¥
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2. SITE CHARACTERIZATION

This section of the report provides a description of the shoreline CDF that is currently being used to store
these sediments and a chemical and physical description of these sediments. Section 2.1 discusses the
overall site layout and the CDF where the Hot Spot sediments are currently stored. Section 2.2 describes
the chemical and physical characteristics of the sediment based on a combination of historical data and
on the data collected during the recent treatability program.

2.1 Existing Site Conditions

The Hot spot sediments are currently stored in a double-lined CDF constructed along the New Bedford
Harbor shoreline. This CDF is adjacent to facilities at the Sawyer Street site remaining from the initial
Hot Spot cleanup activities that were conducted by EPA and the USACE during 1994 and 1995. The
Sawyer Street site was also the location where the treatability studies were conducted. The following

. subsections describe the overall site layout and the existing CDF condition.

2.1.1 Overall Site Layout

The Sawyer Street location of the New Bedford Harbor is approximately eight acres in size, including
approximately three acres occupied by the CDF. The site is located on the north side of Sawyer Street
and abuts the Acushnet River to the east and vacant land to the north and west. Land use in the vicinity
of the site is a mixture of urban industrial and residential. An aerial photograph of the site and
surrounding area is included as Exhibit 2-1. A Site Layout Plan is included as Figure 2-1.

Exhibit 2-1
Aerial Photograph of the Sawyer Street Location
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An 80 foot x 120 foot bermed asphalt pad is located on the western side of the site. The pad was
constructed for the treatability study program. During the testing, the pad was covered with an
impermeable liner to prevent an inadvertent release of sediment or treatment reagents to the soil on the
site. Sump drainage from this pad was routed to the on-site water treatment facility. Following
completion of the treatability studies in 1996, this liner was appropriately decontaminated.

The site also includes a 350 gallon per minute (gpm) water treatment system enclosed within a building.
A concrete decontamination pad equipped with a steam cleaner and sump pump is also located on the
site. Six trailers are currently located on the site, these are used as shower/decontamination, laboratory,
and office trailers. Six air monitoring stations are focated on platforms around the site. Electric power,
potable water, and sewage facilities are currently available on the site. Overall site security is provided
by a six foot tall chain link fence.

2.1.2 Existing CDF Conditions

The CDF is illustrated on Figure 2-1 and can be seen in the aerial photograph included in Exhibit 2-1.
As shown in Figure 2-1, the CDF has three individual cells. Cell #1 was used as the initial settling basin
where the Hot Spot sediments were pumped following dredging. The cell has a double HDPE liner and is
approximately 200 feet by 400 feet wide and approximately nine feet deep. The Hot Spot sediment in
this cell is approximately six to seven feet deep.

The contaminated sediments in the CDF are currently covered with a 10-mil permalon cover. This
relatively thin cover was placed over the sediments as a temporary measure to minimize volatilization
and potential direct contact by human and/or ecological receptors. The cover is weighted down with
sand bags to prevent wind-damage. A layer of water is often maintained over the cover during the
summer months to assist in controlling PCB emissions.

As the dredged material settled in Cell #1, the clarified surface layer, or supernatant was routed to Cell
#2 for temporary storage/flow equalization before receiving additional water treatment. The supernatant
was then pumped into the treatment building where a polymer was added to enhance additional settling
of solids in Cell #3, which acted as a secondary clarifier. Subsequent water treatment steps included
sand filtration and treatment of the PCBs through Ultra Violet Oxidation (UV/Ox) prior to discharge to
the Acushnet River,

During 1994 and 1995, the Hot Spot sediments were dredged from the northern portion of the Acushnet
River and placed in the double-lined CDF. The dredging was continued until analysis of post-dredging
samples indicated that the Hot Spot sediments had been removed and the cleanup goal of 4,000 ppm was
achieved. In total, approximately 15,000 cubic yards of sediment, weighing approximately 18,000 tons,
were removed from the harbor and placed in CDF Cell #1. Additional description of the Hot Spot
sediments and their chemical and physical composition are presented in the following section.

2.2 Hot Spoet Sediment Characterization
The chemical and physical characteristics of the Hot Spot sediments are described in this section. These

descriptions are based largely on recent pilot study data, with reference to historical data, as appropriate.
The source of the data points and the results used to characterize the material are discussed below.
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Hot Spot sediments were initially defined in-situ as having total PCB concentrations greater than 4,000 ppm
and averaging approximately 20,000 ppm to 30,000 ppm. Removal of this Hot Spot sediment was
estimated to result in a total reduction of PCBs in the upper harbor by approximately 50 percent. A
photograph of Hot Spot sediment is included as Exhibit 2-2.

Exhibit 2-2
Photograph of the Hot Spot Sediment

Sediment PCB concentrations determined during recent sampling of sediments from the CDF ranged from
1,600 to 7,700 ppm. Based on results for samples collected from the CDF in conjunction with available
historical data on the physical and chemical nature of the sediment, average PCB concentrations in the CDF
are estimated to be approximately 6,000 ppm.

This is slightly lower than the historical in situ average of approximately 20,000 to 30,000 ppm. The reason
for this difference was not determined during this study but may be due to a variety of reasons including a
biased CDF sampling approach, treatiment of PCBs that were transferred to the aqueous and colloidal phases
during sediment dredging and disposal within the CDF, dredging more sediments than originally planned,
changes in analytical methodology. and/or PCB volatilization.

In addition to PCBs, the Hot Spot sediment contains several other organic and inorganic contaminants.
Extractable oil and grease, as measured gravimetrically, comprise approximately two to three percent of the
sediment matrix. In addition. the sediment contains concentrations of other organic compounds including
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chlorinated benzenes, polynuclear aromatic hydrocarbons (PAHs), polychlorinated dibenzo-p-dioxins
(dioxins) and polychlorinated dibenzofurans (furans). Several heavy metals including arsenic, cadmium,
chromium, copper, lead and zinc, were also detected at elevated concentrations in the samples collected
from the CDF. Each of these contaminant groups are described in more detail in Section 2.2.1.

Samples were collected from the CDF during several recent sampling events. The analytical findings from
these events are summarized in this section and where appropriate, compared with available historical data.
The analytical methodologies and associated measures of quality control and quality assurance are
discussed in more detail in Section 4.3. Laboratory data reporting forms for the samples collected during
the pilot study program are included in the Data Compendium.

Hot Spot sediment contained in the CDF was sampled on four occasions. These events include a sampling
event conducted by the USACE in June 1995 and sampling conducted for each of the three pilot study
treatment processes tested in 1996. These three pilot scale studies (Ionics RCC, Geosafe and SAIC/Eco
Logic) are hereafter referred to as the first, second and third pilot studies. The results from these four
sampling events provide the basis for the Hot Spot sediment characterization described in this section. A
limited sampling program was conducted for sediment to be used during the bench scale S/S study.
Because this sampling event was so small (two wheelbarrows of sediment were removed using a hollow
pipe), the results are discussed for comparison purposes only. Where appropriate, findings from these
sampling events are compared and discussed relative to historical data.

Samples collected by the USACE in June 1995 were collected directly from six locations in the CDF.
Sediment for the first two pilot studies was removed from the CDF in the spring of 1996 and placed into
oversized drums. Samples of this material were collected from the drums prior to its use as feed material
for the first and second pilot studies. Sediment for the third study was removed from the CDF, transferred
to drums, and sampled from the drums in the fall of 1996. This sediment was removed from a similar
location within the CDF. However, the material was retrieved from a greater depth.

Chemical and physical data from the various sampling events are detailed in the following subsections. In
summary, the results for samples collected during the third pilot study were chosen as the representative
profile of the Hot Spot sediment. These results were generally consistent with the historical Hot Spot data,
although the PCB results were lower than the historical average of approximately 20,000 ppm to 30,000
ppm. Results for oil and grease and four heavy metals of concern were essentially the same for the third
pilot study and the historical data. Based on the available data the resulits from the third pilot study appear
to represent a reasonable average concentration of contaminants in the CDF.

Initial in-situ sampling of the Hot Spot sediments was conducted from 1982 through 1988. These data sets
provide the basis for the historical information on the Hot Spot sediment. The following five sediment
sampling data sets were used to determine the nature and extent of PCB contamination in sediment of the

Acushnet River Estuary:

U.S. Coast Guard Sediment Sampling Program (1982)

USACE FIT Sampling Program (1986)

Battelle Hot Spot Sediment Sampling Program (1987)

USACE Wetlands and Benthic Sediment Sampling Program (1988)
USACE Hot Spot Sediment Sampling Program (1988)
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The data sets listed above were used by EPA to support above for the 1990 Hot Spot ROD. Other relevant
data sets that were included by EPA in the Administrative Record:

. DEQE sampling (1981)

. EPA sampling (November 1981)

. Aerovox sampling (March 1982)
. Aerovox/GE sampling (June 1986)

In summary, these four data sets are consistent with the magnitude and location of PCB identified within the
five data sets used to support the 1990 Hot Spot ROD.

2.2.1 Chemical Characterization

PCB, oil and grease, selected semivolatile, and Toxicity Characteristic Leaching Procedure (TCLP) results
for the sediment samples collected during the pilot study program are discussed in this section. Where
appropriate, the data are compared with the USACE sampling conducted in June 1995. PCB data from the
third pilot study and the USACE 1995 samples 4 through 6 appear to be most representative of the sediment
contained within the CDF, based on historical data for the sediment. Samples collected during the first and
second pilot study and 1995 samples 1 through 3 appear to represent uncharacteristically low concentrations
of contaminants due to settling at the end of the dredge pipe. Limited sampling of sediment for the bench
scale S/S testing (Section 4.7) support this premise. These results are further summarized and discussed

below.
2.2.1.1 Sediment PCB and Oil and Grease Concentrations

PCB and oil and grease data for the pilot study feed sediment samples are summarized in Table 2-1. The
results are presented as averages for the first and second studies, and averages for the third pilot scale
study. This reflects the manner in which the sediment was collected and homogenized for each study.
During the spring of 1996, approximately five cubic yards of Hot Spot sediment was removed from the
CDF and homogenized. A similar procedure was performed in the summer of 1996 to gather and
homogenize feed sediment for the third pilot scale study. As shown in the table, the average results for
the first and second pilot studies were lower than for the third pilot study.

Table 2-1
Summary of PCB and Oil and Grease Data for the Hot Spot Sediment

' {5t and Ind Pilot , “3rd ?il%t Study | Ast &2nduy
" “Pilot -
Study

on .-Range (ppm) Average

- 1 Concentratlon Rangekg‘p%= ion | :

_Parameter - | ‘Minimum - - Maxifiufs S Conc. (ppm), | “Conc: (ppm).
PCB 1,600 2,990 3,800 7,700 2,308 5,667
Oil and Grease 11,700 21,800 28,100 36,900 17,863 32,392
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The difference in average PCB concentrations between these two sediment removal exercises is not
surprising given the variability that is likely to exist throughout the CDEF. However, it would appear that
sediment removed to support the third treatability study may be more representative of the CDF as a whole.
This judgment is in part, based on the PCB results obtained by the UACE during the June 1995 sampling
event and the historical in-situ measurements.  These results of the USACE’s sampling of the CDF are
summarized in Table 2-2.

In addition to the chemical analyses, the USACE evaluated the physical and chemical composition of
these samples. The results of this evaluation identified two distinctly different types of sediment along
the eastern wall of Cell #1 of the CDF. These included, the coarser material which had settled out at
the end of the dredge discharge pipe (samples 1 through 3), and the samples that were beyond the
initial settling zone (samples 4 through 6). Given the hydrodynamic protile of the CDF as a settling
tagoon and based on a comparison with historical data, samples 4 through 6 appeared more likely to be
representative of the CDF material than samples [ through 3.

Table 2-2
PCB and Oil and Grease Results for the USACE Samples
Collected in June 1995

Sample Number and Concentration (ppm)

Concentration Average

Parameter Range (ppm) | Conc. (ppm)

Total PCB 492 763 3,005 14,412 | 10,924 | 7,405 492 - 14,412 6.167
Oil & Grease 780 980 | 14,000 | 30,000 | 34,000 {22,000 780 - 34,000 16.960

2.2.1.2 Sediment Semivolatile Concentrations

Feed sample results from the third pilot study for chlorinated benzenes are summarized in Table 2-3.
Similar to the PCB and oil and grease results, chlorinated benzene results were slightly lower in the samples
collected during the first and second studies that those collected during the third study, indicating that the
chlorinated benzene concentrations may be somewhat proportional to the PCB concentrations.

Table 2-3
Sunimary of Chlorinated Benzene Data for the Hot Spot Sediment
(Third Pilot Study)

o

Minimum Maxihum Average |
Parameter Cone. (ppm) | Conc./(ppm) | Conc. (ppm) |

1.3-Dichlorobenzene | 3.9 10 6.8 |

1 4-Dichlorobenzene ' 13 28 ; 20 |

1.2-Dichlorobenzene 0.32 0.90 0.49
Llw.g‘,f}—Trichlorobenzene _4w‘7;7___7‘ 38 4
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PAH results from the third pilot study are summarized in Table 2-4. In contrast to the chlorinated benzenes,
the results for PAHs were actuallv slightly higher in the samples for the first and second study than in those
collected during the third study. The average total PAHs were reported to be 65 ppm in the first and second
study, almost twice the 37 ppm average reported for the third study. The pattern of PAH contamination
does not correlate with the PCB observations. This is likely due to historical point and non-point sources of
PAHs along the harbor’s edge. These sources likely contributed PCBs to the harbor in a manner different
from that of PCB. To maintain consistency, the data from the third pilot study was used in Table 2-4 to
categorize the sediment.

Table 2-4
Summary of PAH Concentrations for the
Hot Spot Sediment
(Third Pilot Study)

ﬂ:;\Minimum | Minimum. | . - Average-
8 ‘Conc. (ppm) | Cone. (ppm) |. Conc. (ppm) -
Naphthalene 0.31 0.78 0.50
2-Methylnaphthalene 0.50 1.3 0.84
Acenaphthylene 0.16 8.2 1.4
Acenaphthene 0.45 1.9 0.91
Fluorene 0.44 1.7 0.88
Phenanthrene 1.1 6.4 23
Anthracene 0.3 1.7 0.62
Fluoranthene 1.8 12 3.9
Pyrene 2.6 8.2 4.8
Benzo(a)anthracene 1.9 6.4 3.7
Chrysene 2.1 7.3 4.1
Benzo(b)fluoranthene 2.0 10 ‘ 4.2
Benzo(k)fluoranthene 1.5 8.5 } 3.9
Benzo(a)pyrene 1.8 6.6 ! 3.7
Indeno(1,2,3-cd)pyrene 0.13 072 0.28
Dibenz(a,h)anthracene 0.07 3.3 1.1
Benzo(g,h,i)perylene 0.08 0.4 ‘ 0.22
Total PAH: 37

CDF sample results are consistent with previous in-situ sampling, where total PAH concentrations averaged
approximately 70 ppm (the highest PAH concentration of 930 ppm was detected in the Hot Spot area). No
discrete areas of elevated levels of PAH compounds were observed in the in-situ sampling, suggesting that
the PAH contamination is from non-point sources such as urban runoff. PAH concentrations detected in the
upper estuary sediment were similar to PAH concentrations detected in other urban and industrialized areas
(EPA, 1992).

Overall, concentrations of the semivolatile compounds, including the PAHs and the chlorinated benzenes,
total less than three percent of the PCB concentration. This. in addition to the relatively lower toxicity of
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most of these semivolatile compounds with respect to PCBs, indicates that the majority of risk associated
with the Hot Spot is attributable to PCBs.

2.2.1.3 Sediment Dioxin and Furan Concentrations

Data for 2.3.7.8-substituted dioxins and furans from the third pilot study and the 2.3.7.8 tetrachlorodibenzo
(2.3.78-TCDD) toxicity equivalents (TEQs) are summarized in Table 2-5. TEQs were caleulated by
multiplying the concentration of the specific 2,3.7,8- substituted congener by its specific toxicity equivalent
factor (TEFs). Further discussion of TEFs and a table summarizing the TEF values are included in Section
4.3. The TEF calculation adjusts the concentration of the less toxic 2,3,7.8- substituted congeners to the
equivalent concentration (based on toxicity) of the most toxic dioxin/furan congener (2.3,7.8-TCDD). Note
that. by definition. the TEQ is related to the concentration of 2, 3, 7, 8- substituted congeners but is not
nevessarily related to the total dioxin/turan concentration.

As was the case for the PCBs, dioxin and furan results from the first and second pilot studies were slightly
lower than tor the third pilot study. The total 2,3,7,8-substituted isomer concentration was [6.879 (pg/am)
(parts per trillion or ppt) for the first and second studies, with a total TEQ concentration of 1.328 pg/gm.

Table 2-5
Summary of {2, 3, 7, 8 Substituted Isomers} Data
for the Hot Spot Sediment
(Third Pilot Study)

SmL 3" Pilot Study TEQ
Parameter - Conc. (pg/gm)Average " (pg/gm)

2.3,7,8-TCDD 3.6 3.6
1.2,3,7.8-PeCDD 9.1 4.5
1.2.3.4,7.8-HxCDD 7.9 0.79
1.2,3,6.7,8-HxCDD 31 3.1
1.2,3,7.8.9-HxCDD 20 2.0
1.2.3,4.6.7.8-HpCDD 386 3.9
OCPD 3,000 3
2.3.7,8-TCDF 690 69
1.2.3,7.8-PeCDF 276 14
2.3.4,7.8-PeCDF 1,520 760
1.2.3,4.7.8-HxCDF 4,440 444
1.2.3,6.7.8-HxCDF 1.920 192
2.3.4,6.7.8-HxCDF 844 84
1.2.3.7.8.9-HxCDF 986 99
1.2.3,4.6.7.8-HpCDF 1,680 17
1.2.3.4.7.8.9-HpCDF 1.260 13
OCDF 1.860 1.9

Total: 18,933 [ 1.714

Table 2-6 summarizes the total dioxin and furan results from the third pilot study.
total approximately 30 to 40 parts per billion (ppb).

Total dioxins and furans
The total 2,3,7,8-TCDD toxicity equivalent averages
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were approximately one to two ppb, over one million times less than the total PCB concentration. As with
the other semivolatile compounds discussed above, dioxins and furans are expected to be effectively treated
by the methods applicable to PCB treatment.

Table 2-6
Summary of Dioxin and Furan Data (Totals)
for the Hot Spot Sediment
(Third Pilot Study)

3rd Pilot
Parameter Study Average (pg/gm)
Total TCDD 17
Total PeCDD 50
Total-HxCDD 284
Total-HpCDD 770
OCDD 3,000
Total TCDF 5,080
Total PeCDF 3,920
Total-HxCDF 10,520
Total-HpCDF 4,580
OCDF 1,860
Total PCDD/PCDF (pg/gm): 30,081

2.2.1.4 Sediment Metals Concentrations

Metals results from the third pilot study are summarized in Table 2-7. Arsenic, cadmium, chromium,
copper, lead and zinc were identified as metals of concern for the site during the initial phases of RI/FS
studies conducted during the earlyv 1980°s. In addition to potential risks associated with these contaminants,
metals contamination in the sediment is a concern from an engineering perspective. Heavy metals cannot
always be treated with the same treatment technologies identified for PCBs and may serve as a potential
source of contamination during disposal of treated sediment.

There are some public health risks associated with exposure to these metals; however, this exposure is
expected to comprise a small component of the total risk when compared to risks associated with exposure
to PCB-contaminated sediment. The presence of metals in Hot Spot area sediment is important because
many treatment technologies capable of treating the PCBs are ineffective for treating metals. The potential
impact due to metals contamination may be measured in part, in terms of the leachability of the metals.
This determination is typically made using the results of TCLP tests as discussed below.

2.2.1.5 TCLP Concentrations

TCLP results for key contaminants are summarized in Table 2-8. The complete data set of TCLP analysis
results, including the raw data sheets for the three pilot studies, is included in the Data Compendium. The
key contaminants summarized in Table 2-8 were chosen based on their presence in the Hot Spot sediment
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and/or because there is a TCLP regulatory criteria for the contaminant. Some organic contaminants which
have a regulatory criteria were not included in this summary table, as they were reported as non-detect by
the laboratory. As discussed above, results from the third pilot study were chosen as representative of the
Hot Spot sediment, although the results from the first and second studies were similar. TCLP results for the
sediment do not exceed regulatory criteria for any of the listed contaminants.

Table 2-7
Summary of Metals Data for the Hot Spot Sediment
(Third Pilot Study)

 Maximums . Average - .

Conceﬁfix'rﬁtl 1| Concentration:-
Aluminum 13,300 17,200 15,658
Antimony 29 8.7 5.1
Arsenic 10.2 14.4 11.9
Barium 145 221 159
Beryllium - 0.49 0.55 0.51
Cadmium 13.4 17.0 15.1
Calcium 5,910 8,960 7,275
Chromium 295 366 330
Cobalt 73 93 83
Copper 656 861 762
Iron 21,200 28,000 25,533
Lead 550 632 600
Magnesium 6,980 9,210 8,278
Manganese 200 243 223
Mercury 0.87 3.6 1.3
Nickel 56.7 73.7 64.6
Potassium 3,040 3,950 3,458
Selenium 24 3.6 3.0
Silver 2.5 4.4 3.2
Sodium 12,200 16,900 14,083
Thallium ND 0 ND
Vanadium 48.6 69.2 56.8
Zinc 1,720 2,130 1,924
Results are reported in mg/kg
ND = Not Detected

No regulatory criteria are available for TCLP PCBs. Because PCBs are the primary contaminant of concern
in the Hot Spot sediment, the leachability (TCLP) data for PCBs are of interest. The average TCLP PCB
result was approximately 28 ug/L (ppb). In comparison with the sediment concentration of 5,700 ppm, very
little of the PCBs in the Hot Spot sediment leached into the TCLP aqueous solution. This is presumably
because the PCBs are preferentially entrained in the high organic matrix of the sediments.
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Metals concentrations are significant as they are likely to remain in the sediment following treatment using
a PCB separation technology. It is possible that the separation technologies could increase the mobility of
metals in the treated sediment, creating a product that exceeds TCLP metals criteria, thereby requiring
additional treatment for metals prior to land disposal. Based on the results from the pilot studies conducted,
this is not likely to be the case. Metals leachability following treatment for PCBs is discussed further in

Section 4.

Table 2-8
TCLP Results for Hot Spot Sediment
(Third Pilot Study)
SRR IR Feed Sediment from-.
. .~ 1 TCLP Regu!afbry Limit| Third Pilot Study
TCLP Analyte - (ug/ll) - (ug/L) -

PCB NC 26.85
1,3-Dichlorobenzene NC 22
1,4-Dichlorobenzene 7,500 85
1,2,4-Trichlorobenzene NC 20
Phenanthrene NC ND
Fluoranthene NC ND
Pyrene NC ND
Arsenic 5,000 22.4
Barium 100,000 352
Cadmium 1,000 18.0
Chromium 5,000 21.2
Copper NC 50.8
Lead 5,000 472
Mercury 200 ND
Selenium 1,000 ' 12.7
Silver 5,000 ND
Zinc NC 8,260

NC  No Criterion

ND Not Detected

2.2.2 Physical Characteristics

The Hot Spot sediments are generally a fine-sandy silt with some clay sized particles present. The
sediments are roughly 50 percent solids and 50 percent water with a wet unit weight of approximately 1.2
tons per cubic yvard. The specific gravity of the solid particles within the sediment matrix is on the order of
2.4 to 2.5. The sediments also contain some shell fragments. However, the majority of these fragments,
passed a one-inch sieve that was used to pre-screen feed material for two of the three pilot scale treatability

studies.
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Sediment from the third pilot study was evaluated for grain size distribution and found to be similar in
nature to the sediments from stations 4 through 6 of the 1995 USACE CDF sampling program. The results
of a comparison of PCB concentrations from these samples have shown similar consistency.

For potential full-scale treatment operations, the sediment would likely be a fine sandy silt, with
approximately 50% to 70% of the sediment passing the number 200 sieve. The sediment is also
approximately 50 percent moisture by weight. The shell fragments are not expected to hinder the treatment
process and are readily broken into small pieces. A small volume of larger sized particles is located in the
northeastern corner of the CDF adjacent to the dredge disposal pipe terminus. While these sediments are
coarser in nature, they are expected to pass a one-inch screen without crushing and thus would not impact
treatment operations. In addition, the contaminant levels associated with these larger particles are generally
lower than the average Hot Spot concentrations and thus are not likely to be any more difficult to treat than
the finer grained material.
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3. IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS (ARARS), REMEDIAL ACTION OBJECTIVES POTENTIAL SEDIMENT
TARGET TREATMENT GOALS

This section presents a summary of the regulations, laws and other requirements which govern the
development, evaluation and implementation of remedial alternatives for the Hot Spot sediments. Those
laws and regulations are set forth in the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA), as amended by the Superfund Amendment and Reauthorization Act (SARA) of
1986; the National Contingency Plan (NCP), 40 CFR Part 300, in particular, Section 300.430. Further
guidance on the process of identifying and evaluating remedial alternatives is set forth in the EPA Guidance
for Conducting Remedial Investigations and Feasibility Studies under CERCLA (EPA, 1988).

Section 3.1 provides an overview of the environmental laws governing the Hot Spot sediments including the
general steps in completing a Remedial Investigation/Feasibility Study (RI/FS). These steps are described
in detail in the National Contingency Plan (NCP) 40CFR Part 300. Section 3.2 will identify the applicable
or relevant and appropriate requirements (ARARs) that may apply to the remedial alternatives. The
development of remedial action objectives and potential sediment target treatment goals are presented in
Sections 3.3 and 3.4, respectively.

3.1 Environmental Laws and Governing Response

Remedial actions, as defined by 300.5 of the NCP, are actions consistent with a permanent remedy, taken
instead of or in addition to removal actions to prevent or minimize the release of hazardous substances so
that they do not migrate to cause substantial danger to present or future public health or welfare, or the
environment.

Section 121 of CERCLA requires EPA to select a remedy that is protective of human health and the
environment, is cost-effective, and utilizes permanent solutions and alternative treatment technologies, to
the maximum extent practicable. Section 121 also establishes a statutory preference for remedies that
employ treatment which permanently and significantly reduce the toxicity, mobility or volume of hazardous
substances over remedies that do not use such treatment. Furthermore, Section 121 requires that, upon
completion, remedies attain Federal and state ARARs unless specified waivers are granted.

Section 300.430 of the NCP, in conjunction with the RI/FS Guidance, sets forth the remedial alternative
development and remedy selection process. This process consists of the following steps:

Identification of the nature and extent of contamination and threat presented by the release
(300.430(d)(2)).

¢ ldentification of general response objectives for site remediation (300.430(e)(2)(1)).

¢ Identification and screening of remedial technologies potentially applicable to waste and site
conditions (300.430(e)).

¢ Development of a range of alternatives to achieve the site-specific response objectives
(300.430(e)(3)).
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e Initial screening ol alternatives (300.430(e)(7)).
¢ Detailed analysis of alternatives (300.430(e)(9)).
e Selection of remedy (300.430(f)).

3.2 Project-Specific ARARs

Section 121(d) of CERCLA as amended by SARA and Section 300.430(f) of the NCP requires that
remedial actions under CERCLA comply with all Federal and state ARARs. ARARs are used to determine
the appropriate extent of site cleanup, to scope and formulate remedial action alternatives, and to govern the
implementation and operation of the selected action. According to CERCLA Section 121(d)(4), ARARs
may be waived by EPA under six specific conditions, provided that protection of human health and the
environment is still assured. These conditions include the following:

. The remedial action selected is only part of a total remedial action that will attain such
level or standard of control when completed;

. Compliance with such requirement at that facility will result in greater risk to human health
and the environment than alternative options;

. Compliance with such requirement is technically impracticable from an engineering
perspective;
. The remedial action selected will attain a standard of performance that is equivalent to that

required under the otherwise applicable standard, requirement, criterion, or limitation,
through use of another method or approach;

. With respect to a state standard, requirement, criterion, or limitation, the state has not
consistently applied (or demonstrated the intention to apply consistently) the standard,
requirement. criterion, or limitation in similar circumstances at other remedial actions

within the state; or,

L In the case of a remedial action to be undertaken solely under Section 104 using the Fund,
selection of a remedial action that attains such level or standard of control will not provide
a balance between the need for protection of public health and welfare and the environment
at the facility under consideration, and the availability of amounts from the Fund to
respond to other Sites which present or may present a threat to public health or welfare or
the environment. taking into consideration the relative immediacy of such threats.

In the following subsection, ARARs are defined and the approach to identifying ARARs is discussed.
Potential chemical-, location-, and action-specific ARARs for the cleanup and remedial action alternatives
evaluation are defined and identified.
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3.2.1 Definition of ARARs

A requirement under CERCLA may be either “applicable” or “relevant and appropriate” to a site-specific
remedial action, but not both. A two-tiered approach may be applied: first, determine whether a given
requirement is applicable; then, if it is not applicable, determine whether it is relevant and appropriate.
These terms are defined in the NCP as follows:

Applicable Requirements: “Applicable requirements” refer to those cleanup standards, standards of control
and other substantive requirements, criteria, or limitations promulgated under Federal environmental or
state environmental or facility siting laws that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance found at a CERCLA site. An example of an
applicable requirement would be Maximum Contaminant Levels (MCLs) for a site that causes
contamination of a public water supply system which provides water service to 15 or more service entrances
or 25 or more people. Only those state standards that are identified by a state in a timely manner and are
more stringent than Federal requirements may be applicable.

Relevant and Appropriate Requirements: “Relevant and appropriate requirements” are those cleanup

standards, standards of control, and other substantive requirements, criteria or limitations promulgated
under Federal environmental or state environmental siting laws that, while not “applicable” to a hazardous
substance, pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site,
address problems or situations sufficiently similar to those encountered at the CERCLA site that their use is
well suited to the particular site. For example, while Resource Conservation and Recovery Act (RCRA)
regulations may not be applicable to closing undisturbed hazardous waste in place, the RCRA regulation for
closure by capping may be deemed relevant and appropriate. Only those state standards that are identified
in a timely manner and are more stringent than Federal requirements may be relevant and appropriate.
During the FS process, relevant and appropriate requirements are intended to have the same weight and
consideration as applicable requirements.

Other Requirements To Be Considered (TBC): These requirements are non-promulgated advisories or

guidance issued by the Federal or state government that are not legally binding and do not have the status of
potential ARARs. Where no specific ARARs exist for a chemical or situation, or where such ARARs are
not sufficient to be protective, guidance documents or advisories may be considered in determining the
necessary level of cleanup for protection of human health or the environment.

3.2.2 Development of ARARS

Under the description of ARARs set forth in the NCP and SARA, many Federal and state environmental
requirements must be considered. These requirements include ARARSs that are triggered by the presence or
emission of a chemical, by a vulnerable or protected location, or by a particular action, and are divided into

three categories:
. Chemical-specific (i.e., govern the extent of site cleanup);

. Location-specific (i.e., pertain to existing site features), and
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. Action-specific (i.c., pertain to proposed site remedies and govern implementation of the
selected site remedy).

A separate document, published for the New Bedford Harbor site has identified potential chemical-,
location-. and action-specific ARARs (Ebasco, 1990a). This document identifies project-specific Federal
and state ARARs and summarizes the procedural and technical requirements of these regulations.

3.2.2.1 Chemical-Specific ARARs

Chemical-specific ARARs govern the extent of site cleanup and provide either actual clean-up levels or a
basis for calculating such levels. These requirements are usually health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, result in the establishment of numerical

values.

There are no “applicable™ or “relevant and appropriate” federal or state chemical-specific ARARs for the
proposed remedies at the site. Cleanup levels are based on Action-specific standards under the Toxic
Substances Control Act (TSCA). Two federal guidances are cited as “To be considered” in evaluating
potential carcinogenic.and non-carcinogenic risks posed by contaminants at the site.

3.2.2.2 Location-Specific ARARs

Location-specific ARARs are restrictions relating more directly to the geographical or physical setting
position of the site. These locations include natural site features such as wetlands and floodplains, as well
as manmade features including existing landfills, disposal areas, and local historic buildings.
Location-specific ARARs are generally restrictions on the concentration of hazardous substances or the
conduct of activities solely because of the site’s particular characteristics or location. These ARARs
provide a basis for assessing existing site conditions and subsequently aid in assessing potential remedial

alternatives.

Location-specific ARARs pertain to the site’s location within a coastal floodplain, adjacent to the
Harbor. Federal ARARs address floodplain management, protection of fish and wildlife resources, and
coastal zone management. Alternatives located in a floodplain may not be selected unless a
determination is made that no practicable alternative exists outside the floodplain. Under such
circumstances the potential harm must be minimized and action taken to restore and preserve natural and
beneficial values. The U.S. Fish and Wildlife Service must be consulted regarding preventing and
mitigating any potential losses to fish and wildlife resources.

State ARARs address coastal zone management, work within flowed and filled tidelands, and wetlands
protection. The state wetlands protection statute identifies the following protected resource areas that
occur on or adjacent to the site: Land Subject to Coastal Storm Flowage, Land Under Ocean, Designated
Port Area, Coastal Beaches (including tidal flats), Coastal Bank (including a 100-foot buffer zone inland
from the edge of the bank), and LLand Containing Shellifish.
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3.2.2.3 Action-Specific ARARs

Action-specific ARARs are usually technology- or activity-based limitations or requirements that control
actions at CERCLA sites. After remedial alternatives are developed, action-specific ARARs pertaining to
proposed site remedies provide a basis for assessing the feasibility and effectiveness of the remedies. These
requirements generally define acceptable treatment, storage, and disposal procedures for PCB-contaminated
and hazardous substances during the response action. The ARARs and TBCs that apply to each of the
remedial alternatives are discussed within the Detailed Analysis of Remedial Alternatives (Section 6 of
this document). This information is also presented in tabular form in Appendix B to this document.

The primary action-specific ARARs are requirements regarding waste management and treatment.
These ARARs include PCB storage, treatment and disposal requirements under TSCA and identification
and regulation of characteristic hazardous waste under Massachusetts Hazardous Waste Management
standards.
A
TSCA requires that any PCB contaminated dredge spoil with a concentration of 50 ppm or greater be
disposed of either in an approved incinerator, an approved chemical waste landfill, or by using a disposal
method to be approved by the Regional Administrator. Approval must be based on a finding that, based
on technical, environmental, and economic considerations, disposal in an incinerator or chemical waste
landfill is not reasonable and appropriate, and that the alternative disposal method will provide adequate
protection to health and the environment. Four of the alternatives (Solvent Extraction and Off-Site
Incineration, HS-2C; Thermal Desorption and Off-Site Incineration, HS-3C; Off-Site Landfilling, HS-6,
and Off-Site Incineration, HS-7) satisfy one of the first two approved disposal methods. The other seven
proposed remedies (involving either in-place permanent disposal or on-site treatment) entail alternative
disposal remedies that require approval by the Regional Administrator, based on the requirements of
- TSCA.

The two proposed in-place disposal remedies (No Further Action, HS-1 and In-Place Capping, HS-5)
must comply with relevant and appropriate TSCA chemical waste landfill standards, which apply to the
permanent disposal of PCB contaminated dredge spoil. TSCA allows for specific requirements for the
landfill ARAR to be waived upon a finding by the Regional Administrator that the facility will not
present an unreasonable risk of injury to health or the environment. To use the present CDF facility as a
permanent disposal facility, waivers are required regarding hydrologic conditions, flood protection, and
leachate collection. The present facility’s design that includes double impermeable bottom and side
liners, a monitoring system for leak detection, and top-of-berm elevation two feet higher than the 100-
year flood elevation should meet waiver standards for the prevention of injury to health or the

environment.

The remaining nine remedies (involving either removal of contamination off-site or on-site treatment) aff
require temporary storage of the PCB sediment for greater than one year. Storage of PCB dredge spoil
for more than a year violates a TSCA storage requirement. This ARAR needs to be waived under
Section 121(d)(4)(C) of CERCLA due to the technical impracticality, based on engineering constraints,
involved in removing and/or treating the PCB material in less than a year. Currently, the storage
requirement is being waived through “an interim measure” under Section 121(d)(4)(A). The present
waiver allows the Agency to waive the storage ARAR for an interim measure that will become part of a
final remedial action at the Site. The nine removal or on-site treatment alternatives will require storage
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periods estimated between two to five years before completion of the final remedy. In the interim, the
PCB dredge spoil will remain stored within the existing CDF in a manner that is protective of health and
the environment (as described under Alternative HS-1, No Further Action). Storage of the PCB dredge
spoil will comply with the remaining TSCA storage ARARs that do not involve the one-year storage

limit.

Massachusetts Hazardous Waste ARAR’s apply to all non-PCB contaminants that meet characteristic
hazardous waste standards. Recent toxicity characteristic leaching procedure (TCLP) data on the
dredged sediment samples show the sediment does not meet the definition of a RCRA characteristic
waste. Toxicity characteristic (TC) constituent concentrations are below TC regulatory limits for
hazardous waste.  Sediments, process wastes, and discharges from monitoring, operations, and/or
maintenance will be tested for hazardous constituents. Any characteristic wastes identified will be
stored, treated, and/or disposed of in compliance with state hazardous waste requirements.

Massachusetts Solid Waste ARARs are applicable for all alternatives that involve the disposal of treated
sediments (Alternatives HS-2A. 2B and 2C; HS-3A, 3B, and 3C; and 4), containing less the 50 ppm of
PCBs. These requirements include cover systems, surface and groundwater protection, monitoring, and
post-closure measures.

Other federal and state action-specific ARARs include air quality and air pollution requirements, which
preclude the release of PCBs and other contaminants. Air emissions from the proposed alternatives may
result from releases from the storage facility, discharges from extraction and treatment technologies, and
handling/dewatering of the sediments before off-site removal or on-site processing. Air emissions will
be addressed through monitoring, management of storage facilities, and treatment of off-gases from
handling, dewatering, and processing.

Water discharges are regulated under state and federal water quality ARARs. Water treatment may be
required because of surface run off becoming contaminated by the stored sediments or from dewatering
and/or process discharges. Every proposed alternative potentially may produce contaminated water that
will require treatment at the facility’s on-site water treatment plant. Operation of the treatment plant
requires a waiver of a provision of the National Pollutant Discharge Elimination System requirements of
the federal Clean Water Act (CWA), Section 402. The provision prohibits new discharges into waters
that do not meet applicable water quality criteria, unless certain conditions are met (40 CFR 122.4(1)). It
is proposed that a protectiveness waiver under Section 121(d)(4)(B) of CERCLA be used for this ARAR
since compliance would essentially prevent the cleanup of this Site and result in greater risk to human
health and the environment than other alternatives. The issue is the result of the degraded water quality
in the Harbor, where permitting any new discharge is not possible unless the Harbor’s waters reach water
quality standards or until the other conditions of the regulations are met. Neither of these conditions are
likely to be accomplished in a reasonable time.

Furthermore, since New Bedford Harbor water quality is so degraded as to preclude diluting any
proposed discharge, Section 402 of the CWA requires that discharges meet ambient water quality criteria
(WQC) at the discharge point. Except for copper, it is expected that the treatment facility can attain
compliance with WQC during the remedial activities. Consistent with Section 303 of the CWA and its
Total Maximum Daily Load (TMDL) approach, it is proposed that discharge limits for the water
treatment plant be implemented that are below current background levels of copper, but above WQC.
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This approach allows for attainment of ambient WQC throughout the waterbody in a phased or step-wise
approach. The copper that will be discharged from the treatment plant will be more than off set by the
permanent removal of copper contaminated sediments from the Harbor.

Federal PCB policies and guidance regarding PCB releases and treatment technologies for CERCLA
remedial actions will be considered. Massachusetts guidelines to be considered include ambient air
limits and noise levels. The Allowable Ambient Limits and Threshold Exposure Limits will be
considered for alternatives involving air emissions. Revised TEF and the air dioxin guideline will be
considered for evaluation of alternatives having air emissions. Noise levels will be minimized to the
extent practicable.

3.3 Remedial Action Objectives

The remedial action objectives for this FS Addendum are taken directly from the 1990 ROD (EPA,
1990). The remedial action objectives are based on the public health and environment risks posed by the
Hot Spot sediment and the ARARs for the site. The objectives have been modified to reflect EPA’s
actions to date including removal of the Hot Spot sediment from the harbor and isolating them in a
double-lined storage facility at the site. These initial remedial actions have served to protect public
health and the environment while EPA, the state and the local community evaluate other potential long
term solutions.

The remedial action objectives have also been modified to reflect inclusion of an additional exposure
pathway, inhalation. The remedial action objectives for the Hot Spot sediment are listed below:

1. Protect public health by preventing direct contact with the Hot Spot sediments and
2. Protect marine life by preventing direct contact with the Hot Spot sediments.

In developing remedial alternatives to address these remedial action objectives, the FS Addendum will
explore potential solutions that fall into two general categories of response actions, “removal” and “non-
removal.” These two categories will encompass the complete range of alternatives including no further
action and on-site containment under the non-removal category. The removal category will include a
wide range of alternatives including off-site containment, off-site treatment and on-site treatment. In
evaluating the range of alternatives to achieve these remedial action objectives, CERCLA requires the
alternatives use permanent solutions and innovative treatment technologies to the maximum extent
practicable. In addition, preference should be given to alternatives that reduce the toxicity, mobility or
volume of the contaminants through treatment. Additional details regarding the development and
screening of the remedial alternatives is presented in Section 5 of this FS Addendum with the detailed
analysis of the remedial alternatives presented in Section 6.

3.4 Potential Sediment Target Treatment Goals

The initial cleanup step of removing the Hot Spot sediment from the marine environment is complete and
so the issue of cleanup levels is no longer relevant. However, the range of potential remedial alternatives
developed and evaluated in Sections 5 and 6 of this FS Addendum will include some treatment
alternatives, and so the issue of target treatment goals is relevant to those particular alternatives.
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The applicability of the treatment goals is limited to remedial alternatives which employ on-site
treatment technologies. Off-site treatment technologies would treat the sediment in a manner which is
consistent with the applicable tederal, state and local regulations. The treatment process would be
reflected in the facility specific operating permits. For example, a permitted off-site incineration facility
would have to comply at a minimum with the applicable TSCA regulations including but not limited to
the incineration requirements in Section 761.70. Included within these regulations is the requirement for
99.9999% destruction. Aflso. the target treatiment goals that are developed herein do not apply to the on-
and off-site containment alternatives (e.g., capping the sediment in-place or disposal in a permitted off-
site landfill).

The results of the treatability studies demonstrated that the sediment treatment technologies were all
effective in treating the sediments to varying degrees. The solvent extraction and thermal desorption
separation technologies demonstrated on-site appear capable of separating the PCBs from the sediments
to the 50 ppm level. Vitrification appeared capable of reducing PCB concentrations in the sediment to
very low levels. The goal for PCB destruction for the on-site treatment technology is dependent on the
method of destruction. Under TSCA, alternative disposal technologies for PCB contaminated dredge
spoil are required to provide adequate protection of health and the environment.

Heavy metals remain in the sediments after treatment for all of the technologies tested at the site.
However, results of TCLP tests conducted on the treated sediments did demonstrate that leachate
concentrations are within regulatory limits for all of the listed constituents.

xxx%% DRAFT FINAL *##*xx
Rev 0 12/31/97

D97-042 3-8

A 4

iy b

Nagw



4. TREATABILITY
STUDIES

BEEFILT PN A

(ST



-’

w

4. HOT SPOT SEDIMENT TREATABILITY STUDIES

The overall treatability study goal was to find a safe viable treatment technology for the Hot Spot sediments
currently contained in the shoreline CDF just north of the Coggeshall Street Bridge in New Bedford, MA.
This goal was developed by the forum group including representatives of EPA, the State DEP, other federal
resource agencies, local community leaders and several community interest groups. The results of the
treatability studies are being used by EPA to support selection of a remedy for the Hot Spot sediments. This
remedy will be selected by EPA with input from other members of the forum group on a full range of
remedial alternatives including no further action and several treatment and non-treatment (containment)
approaches.

4.1 Treatability Study Test Program Overview

The treatability study program was initiated in early 1995 with the field testing occurring in late fall 1995
through 1996. The range of technologies tested during the treatability study program included:

" (i) solidification/stabilization (S/S); (ii) contaminant destruction; and (iii) contaminant separation and
destruction processes. The two stage contaminant separation and destruction technologies were selected for
two of the studies to evaluate the contaminant removal and the subsequent chemical destruction processes
separately. It was also recognized that a final treatment step of S/S may be required to immobilize the
heavy metals in the treated solids that may not be treated by the separation and/or contaminant destruction
processes which often only treat the PCBs and other organics.

4.1.1 Treatability Study Obijectives

The overall approach for the treatability studies was developed by members-of the community forum group
discussed above. This group was established to support development of a cleanup solution for the Hot Spot
sediments. The test objectives for the treatability testing program were based on the group’s overall project
goals and included:

1. Evaluate/quantify the effectiveness of chemical destruction and/or separation with chemical
destruction technologies to treat PCBs and heavy metals present in contaminated Hot Spot
sediments.

2. Quantify the disposition of key constituents to support mass balance evaluations.

3. Identify potential environmental and/or engineering constraints related to the use of destruction
and/or separation with chemical destruction technologies to remediate site sediments.

4. Produce data of sufficient quality such that different treatment processes can be evaluated relative

to each other. If required, data may be used to assess the risks associated with treatment system
operations and the disposal/storage of treatment residuals.

5. Evaluate the viability of chemical destruction and/or separation with chemical destruction processes
to be scaled-up to full-scale operations including the overall development time-frame and estimated

full-scale treatment costs.

6. Characterize the operational hazards associated with full-scale implementation of the chemical
destruction and/or separation with chemical destruction process.
7. Evaluate the performance of chemical destruction and/or separation with chemical destruction

processes against the nine detailed evaluation criteria contained in the National Contingency Plan
(NCP), including the ability of chemical destruction and/or separation and chemical destruction to
reduce the toxicity, mobility, and volume of the hazardous constituents.
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4.1.2 Treatability Study Program

The contaminant destruction, and contaminant separation and chemical destruction technologies were
tested on-site with pilot scale treatment units. For technical approaches that combined separation and
subsequent contaminant destruction, the processes were tested together as a single test. This provided
information as to the completeness of the treatment approach and was designed to highlight any potential
difficulties that could be encountered in trying to combine the treatment processes.

Foster Wheeler selected three firms to participate in the pilot scale test program. The potential opportunity
to participate in this test program was nationally advertised in the Commerce Business Daily (CBD). Sixty
firms requested the bid documents from Foster Wheeler. The selection of the three firms was primarily
based on technical approach and relevant experience. One of the initial three firms later withdrew the
proposal and a second procurement was initiated to secure an alternate third pilot scale vendor. This second
procurement was quite similar to the first and resulted in the award of a subcontract.

In addition to the three proprietary technologies mentioned above, several S/S technologies were tested on-
site at the bench scale. using two proprietary admixtures and a mixture consisting primarily of Portland
cement and absorbent clay. The two proprietary admixtures were chosen from several proposals which
were submitted in response to a nationally advertised opportunity in the CBD. Again, the primary basis for
selection was technical approach and experience.

The details of the treatability study program are discussed in the following subsections. Section 4.1
discusses the test objectives and summarizes how each process was evaluated. The technologies that were
tested are briefly summarized below. The details of operation and the findings of each pilot study are
discussed in the subsection referenced in parentheses. A summary of the pilot study findings is included in
Section 4.2.

e Ionics RCC and CRTI - a two stage process involving contaminant removal using solvent
extraction, and the subsequent chemical destruction of chlorinated organics, including PCBs, using
sodium and ammonia as reducing agents (Section 4.4)

e Geosafe - a single stage contaminant destruction process using pyrolitic vitrification (high
temperature melting in the absence of oxygen) to destroy and demobilize organic and inorganic
contaminants (Section 4.5)

e SAIC/Eco Logic - a two stage process involving the thermal desorption of organics from the
sediment and subsequent gas phase reduction using high temperature in a reducing (hydrogen)
atmosphere (Section 4.6)

e Solidification/stabilization - sediment was mixed with various reagents, allowed to solidify and
tested to determine whether the mobility of contaminants was reduced (Section 4.7)

The evaluation process for each technology was based on the analytical chemistry results for the various
process outputs and engineering evaluations of the process mechanics and operations. To maintain
consistency in evaluating the processes and to ensure that the quality of data were acceptable for the project
objectives, a rigorous analytical and quality control program was implemented. This analytical program is
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discussed in Section 4.3. Results of some of the quality control measures are also discussed in Section 4.3.
An overall discussion of the treatability study testing, including a summary of the strengths and limitations
of each process and specific implications for full-scale application is included in Section 4.2.

This section (Section 4) includes significant detail for each of the technologies tested during the treatability
studies. The discussions in Sections 4.4 through 4.7 include significant details on the process descriptions,
pilot scale testing procedures and findings, as well as assumptions for full-scale implementation. This level
of detail may not be of interest to all readers. Accordingly, Section 4.2 includes a summary overview of
each of the technologies. Similarly, Section 4.3 includes a fairly detailed discussion of the analytical
methods and quality control procedures implemented to ensure that the data collected during the treatability
studies were representative and comparable. This level of detail regarding analytical methodology and QC
results may not be of interest to all readers.

4.2 Summary of Treatability Study Results

A
The following subsections briefly discuss and summarize each of the treatability studies and highlight

the strengths and limitations of each process. It is important to note that many of these limitations are
not necessarily inherent in the technical approach. Rather, many of the limitations noted are in areas
where pilot scale testing indicated that additional process engineering, development and testing would be
required. The results are discussed at a summary level relative to the overall objective of finding a safe,
viable non-incineration technology effective for treating the Hot Spot sediment. Where appropriate, the
subsections identify further work required during the pre-design and design phases of work before full-
scale implementation could be satisfactorily realized.

This section is intended to provide an overview and summary level discussion of the treatability study
testing relative to the remedial technology and remedial alternative considerations discussed in Sections
5 and 6, respectively. At a summary level, this section may suffice for some readers to provide a basis for
the discussions and conclusions presented in Sections 5 and 6. For those who are interested in the
specific details and pilot study testing, refer to the appropriate subsections (4.4, 4.5, 4.6 and 4.7) below.
Similarly, detailed discussions of full-scale costing is provided in ‘the appropriate full-scale
implementation subsection with only summary level discussion included in this section.

4.2.1 Solvent Extraction/Solid Phase Chemical Destruction (Ionics RCC/CRTI)

Both the Ionics RCC and CRTI processes were effective in treating the PCB contaminated Hot Spot
sediment. The lonic RCC solvent extraction process effectively treated the Hot Spot sediment to PCB
concentrations less than 50 ppm with five to six extraction cycles. With additional extraction cycles (eight
to nine), the process appears capable of treating the sediments to concentrations below 10 ppm. The
residual solids from the solvent extraction process passed TCLP testing for heavy metal contaminants and
would, therefore, require no further treatment for metals prior to disposal. The solvent extraction process is
a non-thermal process and does not appear to produce undesirable organic by-products, nor does it require
an extensive off-gas treatment system.

The scale up plan for the lIonics RCC process looks positive and includes many pieces of equipment that are
routinely available, It is noted that one of these items (the dryer) is a long lead item which can take six
months to obtain. As a result, it may take up to 18 months to design and fabricate a solvent extraction unit.
This is not seen as a serious limitation.
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The CRTI Solvated Electron Technology process effectively destroyed PCBs in the concentrated oil
product generated from the solvent extraction process. Given enough sodium, the reaction appears to
destroy the PCBs to the 1 to 5 ppm range. This solid phase chemical destruction process is chemical in
nature rather than thermal. As a result, the undesirable organic by-products, such as dioxins and furans,
which can be generated by the thermal processes, do not appear to be a significant concern for this chemical
treatment process.

The pilot study testing did identify materials handling issues associated with the CRTI solid phase chemical
destruction treatment process and equipment. During the pilot test, the feed mechanism difficulties were
partially mitigated by over-dosing with sodium. This resulted in treated material containing reactive
untreated sodium and caustic sodium amides. Resolution of these issues would be required prior to
implementing full-scale treatment using this technology. These issues are briefly summarized as follows:

e The CRTI pilot unit feed mechanism required modification in the field to handle the semi-solid material
generated during the solvent extraction process. Similar modifications or methods to keep the oil
extract in liquid form will have to be developed and tested to ensure effectiveness for the full-scale unit.
Difficulties with the feed mechanism caused cross contamination of the treated product. This cross-
contamination was addressed with additional sodium and modifications to the quenching (to stop the
chemical reactions) sequence.

¢ During the pilot study testing, the material was over-dosed with sodium in order to obtain the desired
PCB results (non-detect). The treated residual had unreacted sodium and sodium amides, making the
residual material both reactive and caustic. The reactive and caustic properties were effectively
neutralized with the addition of an acidic aqueous solution. However, the resulting material was an
aqueous slurry rather than the anticipated, easier to handle, inert solid. Additional testing should assist
in determining the appropriate amount of sodium relative to the concentration of PCB in the untreated
material. Whether the material can be effectively treated to trace levels of PCBs without being reactive
or caustic needs to be formally demonstrated. '

e As a result of the difficulties associated with the amount of sodium required to treat the PCBs, the
chemical and physical composition of the CRTI treated product cannot be accurately determined.
Without this characterization, it cannot be determined whether the CRTI post-treatment product will
require additional treatment prior to disposal or whether the material can be disposed of on-site without

additional treatment.

The CRTI treated material handling issue is significant because it could impact the ultimate viability of the
CRTI process. In summary, the reactive dry solid product produced during the pilot study may not be
appropriate for disposal in an on-site CDF and may pose a potential risk to worker health and safety. The
neutralized aqueous slurry mixture of salt and oil produced during the pilot study was similarly not suitable
for on-site disposal. In fact, the only acceptable disposal method for this material may be off-site

inctneration.

The information required to address these issues can be gathered during the design process. Also, the
design of the Ionics RCC and CRTI processes should include a detailed hazard plan and analysis given the
hazardous nature of the various process and reagents used. These reagents include diisopropylamine,
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sodium, and ammonia. While these materials are routinely used in industry, their application to hazardous
waste cleanup is still somewhat new.

4.2.2 Vitrification (Geosafe)

Pilot scale testing demonstrated that vitrification can successfully "melt" Hot Spot sediment into an
essentially inert block of glass. Analysis of the resulting glass product indicates that PCBs and other
organics are no longer present in the glass matrix and that the remaining inorganics are not leachable in
quantities above relevant regulatory criteria.

The vitrification pilot study did identify some specific matrix related difficuities in treating the Hot Spot
sediment which would require resolution and additional testing prior to full-scale implementation.
Specifically, the process off-gas data from the pilot study indicate that a significant portion of the PCBs
were desorbed from the sediment rather than destroyed or immobilized in the vitrified product. The data
also indicate that the process produced organic by-products, including dioxins and furans, that required
treatment in the off-gas system.

It appears that the operational difficulties experienced during the pilot test were directly related to the
sediment matrix. That is, the sediment contains a large proportion of water (approximately 50 percent) and
is very finely grained. This caused the sediment to become "fluidized" during the melting process, releasing
significant amounts of steam and particulate to the off-gas stream. Under these circumstances, organic
compounds were released with steam from the perimeter of the melt rather than remaining entrained in the
sediment matrix. The organic compounds in the steam/particulate phase were then no longer available for
treatment in the melting process and were subsequently transferred and treated within the off-gas treatment
system. :

Geosafe believes that these operational difficulties can be successfully overcome by dewatering the
sediments to a moisture content on the order of 10 percent and staging the sediment prior to full-scale
treatment. Foster Wheeler similarly agrees that steps can be taken to improve destruction and removal
efficiencies and to minimize the generation of undesirable organic compounds such as dioxins and furans in
the vent gas stream. However, the ability of the dewatering techniques to reduce the sediment moisture
content to the desirable level and whether dewatering the sediment will be sufficient to resolve the matrix
related difficulties have yet to be determined.

Geosafe recommended that full-scale implementation of this technology would require, at a minimum, a
dewatering system that could reduce the moisture content of the sediment to the range of 10 percent. Foster
Wheeler believes the most effective means of reaching this moisture content is through the use of a thermal
dryer. In addition, an off-gas treatment system including a thermal oxidation unit may also be required to
destroy any remaining organic compounds prior to releasing the gas from the vitrification process to the
atmosphere. The off-gas system would also be used to treat off-gas from the thermal dryer unit.

The full-scale implementation scenario presented in Section 4.5 was developed by Foster Wheeler with
initial input from Geosafe. The approach contained in Geosafe’s report did not account for the methods that
would be required to dewater the sediment to the 10% moisture range, the high potential for volatilization of
PCBs from the sediment during material handling operations, and the potential need for an enhanced off-gas
treatment system. Given the nature of these potential concerns, Foster Wheeler has included an enhanced
off-gas treatment system in the fuil-scale treatment approach. This off-gas treatment system would
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“potentially apply to both the dewatering and vitrification process units. Additional pilot scale testing during
the design phase, not the remedial action phase, would ultimately determine the level and type of off-gas
treatment system required for full-scale implementation.

The amount of pre-design testing that would be required is an area of technical difference between Foster
Wheeler and Geosafe. In sumiary, Geosafe believes their experience in implementing vitrification
provides them with a reasonable basis for the conceptual full-scale plan presented in their report. Foster
Wheeler does not question the number of times Geosafe has implemented vitrification at the bench, pilot
and full-scale. Rather, we believe the results of the Hot Spot treatability study should be weighted heavily
in considering potential full-scale application of vitrification to the Hot Spot sediments. Until proven
otherwise in a comprehensive design scale testing program, a conservative technical approach is warranted.
The pilot study testing that would be conducted during the design process should address the following data
gaps prior to considering full-scale implementation:

* The effects of dewatering the sediment on the production of dioxins and furans.

e Process treatment (contaminant destruction) within the vitrification process versus through the off-gas
collection and treatment system.

e  Off-gas treatment equipment that will be required to meet emissions criteria.

This additional pilot scale testing could be conducted during the design phase of the clean-up prior to full-
scale implementation. However, additional testing does not guarantee that vitrification will prove to be a
viable alternative for the Hot Spot sediment. Should vitrification be selected as the proposed remedy, it
may be advisable to have a back-up or contingency plan in place in the event that design scale vitrification
testing were to be unsuccessful.

4.2.3 Thermal Desorption/Gas Phase Chemical Destruction (SAIC/Eco Logic)

Pilot scale testing demonstrated that the Eco Logic treatment process was successful in: (i) separating
the PCBs from the Hot Spot sediment with the thermal desorption unit and (ii) destroying the PCBs
(separated by thermal desorption) in the gas phase using the reactor system. The thermal desorption unit
did not perform as well as expected; however, it was demonstrated as being capable of treating the
sediments to an average residual PCB concentration of 52 ppm from an average initial PCB
concentration of 5,700 ppm. The treated sediment PCB concentrations were higher than SAIC/Eco
Logic had initially expected. Several difficulties were encountered in operating the thermal desorption
unit that may have contributed to lower treatment efficiencies. These difficulties included:

Initial difficulties reaching the design operating temperature
Sediment throughput at 40% of the design capacity

Particulate buildup within thermal desorption unit

Loss of molten tin during treatment operations

Mechanical breakdown of the exit system for the treated solids

The gas phase reactor and off-gas treatment systems performed well during the treatability study, both
mechanically and from an effectiveness perspective. The gas phase reactor, in combination with the
downstream off-gas treatment system, was capable of achieving a gas phase PCB destruction efficiency
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of approximately 99.999 to 99.99989%, depending on the calculation method. The DREs are slightly
less than the 99.9999% (6 nines) required of incinerators.

Sampling of the system gases was performed at several locations to assess whether the TRM and reactor
processes were creating dioxins and/or furans. The vent gas data from the TRM suggest that, despite the
hydrogen atmosphere within the TRM, the process may generate dioxins and furans during the
desorption process. Sampling limitations precluded fully assessing this possibility during the pilot scale
test. Should the production of dioxins and furans during the process require a complete quantitative
assessment, additional testing would be recommended.

Sample data from the thermal oxidizer off-gas (collected isokinetically and therefore, not limited by
sampling constraints), were used to evaluate the degree to which dioxins/furans were ultimately treated
within the overall system. The overall system DRE for these compounds indicate that the processes were
effective in treating these compounds (99.9996% DRE on Toxicity Equivalency basis, and 99.9925%
DRE on a total mass basis).

It is important to note that the size of the Eco Logic pilot scale treatment system did not allow for the
collection of isokinetic (flow representative) samples at intermediate gas phase process points
(e.g., before the reactor and after the reactor and scrubbers). The treatment system was modified by
SAIC/Eco Logic to collect grab type samples (non-isokinetic) of the gas at these intermediate locations.
This was done to gather as much information as possible with the hope that, at 2 minimum, the data
could be used in a qualitative manner. Given the limitations of these intermediate sampling locations,
the data collected cannot be used to support absolute conclusions regarding such issues as dioxin/furan
production within and/or downstream of the thermal desorption unit. More importantly, the data
collected at the point of release to the atmosphere (collected isokinetically) does indicate that the overall
processes are effective in treating these compounds, and that the process only released trace amounts of
dioxin/furans during the course of the New Bedford Harbor pilot scale treatability study (approximately
15 pg/hr). The concentration of dioxin TEQ at the vent gas outlet was 0.10 pg/dsm3, only slightly higher
than the DEP ambient air guideline of 0.045 pg/m3 TEQ. It is expected that dispersion at the stack outlet
will be sufficient such that ambient concentrations will not exceed the guidance level.

The gas phase reactor was determined to produce naphthalene and benzene during the chemical
destruction process. A multi-component gas phase treatment system downstream of the process reactor
would be required to treat the off-gas for full-scale operations. While a portion of the process off-gas
could be recycled through a catalytic steam reformer, an excess gas burner operated in conjunction with
a process boiler would be used to provide final treatment of the gas prior to atmospheric release. The
excess gas burner would have to be designed to comply with applicable air standards. Thermal energy
from the excess gas burner could also be used within the overall process to reduce treatment costs.

The Eco Logic technology also has potential application to the PCB residuals from other separation
processes, including the solvent extraction process tested earlier in the treatability study program. A
combination of the two technologies would eliminate the initial Eco Logic thermal desorption step on the
wet sediment. Rather, the Eco Logic process would only be applied to the oily residue that is the end
product of the solvent extraction process. Eco Logic would use either the Sequential Batch Vaporizer or
direct injection into the reactor system to introduce the concentrated oil for treatment. This approach
may rate higher on the implementability scale, given the difficulties encountered for the thermal
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desorption process during the New Bedford Harbor treatability study, and that Eco Logic’s experience
base is more heavily weighted to this type of application.

Eco Logic is continuing the testing of a full-scale TRM at a site in Canada. The results presented by Eco
Logic to date indicate the process has treated 1,500 tons of sediment type waste over the past several
months.  The process has reportedly been used to treat waste solids contaminated with PCBs up to 170
ppm, down to levels on the order of 1 to 5 ppm.

4.2.4 Solidification/Stabilization

Based on the data received from the bench scale treatability study, it does not appear that
stabilization/solidification is a viable treatment method for the Hot Spot sediments. At the mix ratios
tested, the admixtures did not significantly lower the leachability of the PCBs and, in most cases,
increased the leachability. A high reagent to sediment ratio may decrease the leachability of the PCBs,
however, the treatment cost would also increase as well as the volume of material which must ultimately
be disposed.

Solidification/stabilization may be an appropriate treatment technology to consider for heavy metals
contamination. Available data indicate that TCLP metals concentrations are not likely to be of concern
in untreated sediment or in the treated material resulting from the PCB treatment processes. However,
should heavy metals be of concern at a later date, solidification/stabilization appears to be a viable
treatment option for further consideration.

4.2.5 Summary of the Treatability Study Findings

The technologies tested during these treatability studies included separation using solvent extraction and
thermal desorption, contaminant destruction using vitrification, solid phase chemical destruction and gas
phase chemical destruction. Solidification and stabilization of the sediment was also tested and found to
be unsuccessful. The solvent extraction and solid phase chemical destruction processes were the two
technologies that did not involve thermal processes to treat the sediment.

With the exception of the solidification, each technology was found to be somewhat successful in
treating the Hot Spot sediment. Each technology appears to be capable of producing a treated product
with less than 50 ppm PCBs and that passes TCLP leaching criteria. Note that the average treated
sediment concentrations were slightly greater than 50 ppm for the thermal desorption process, this
appears to be related to operational difficulties encountered during the treatability studies and can likely
be improved with additional engineering controls.

The vitrification process desorbed significantly more PCBs to the vent gas stream than initially
anticipated and also produced dioxins and furans. A thermal dryer and an off-gas treatment system could
potentially reduce these difficulties. However, significant additional testing would be required to ensure
adequate resolution of these issues prior to full-scale implementation.

The thermal desorption process could not be definitively assessed with respect to the creation of dioxins
and furans due to sampling limitations. The available data do indicate that the formation of dioxins and
furans is a strong possibility using this thermal process. To obtain additional quantitative data, additional
testing would be required. Not withstanding this, if there is a zero tolerance for the creation of dioxin
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and/or furans, as opposed to thermal separation of the trace levels that are present in the Hot Spot
sediment, then thermal separation is likely to be somewhat problematic during full-scale implementation.
It is also important to note that, from a technology perspective, if these compounds are present in the off-
gas, effective means are available to significantly reduce their concentrations. These control
technologies are well developed, readily available and would also be used, in many cases, to control
particulate and/or heavy metals that will be emitted in the off-gas stream during thermal desorption.

The treatability study program was successful in finding treatment technologies capable of treating the
Hot Spot sediments. The program was also effective in highlighting specific areas where processes
required further development to ensure that implementation could be conducted in a safe and
environmentally compliant manner.

This testing program also provided an indication of cost for treatment and demonstrated that it would
take several years to implement each technology. The “treatment” only costs for Geosafe are estimated at

v $1,149 per ton and would take 5 to 6 years to implement. The costs for treatment only for the
combination of Ionics RCC and CRTI ($721/ton) is not dramatically different than the estimated costs
for treatment with the Eco Logic process ($617/ton). Both treatment processes would take approximately
three years to implement from the date of contract award.

It is also important to look at the total estimated costs for treatment in Section 6 as there are other cost
components in terms of site facilities, materials handling and air monitoring that significantly influence
the overall treatment cost. In doing so, the apparent cost advantage for treatment only is greatly
narrowed by these other costs as the total remedial alternative costs for Ionics RCC/CRTI and Eco Logic
are $27.1M and $26.3M, respectively. It is also important to note that the level of accuracy used in the
Feasibility Study costing process is plus 50 percent, minus 30 percent. As a result, these two costs are
essentially the same and other evaluation factors should play a larger role than cost in the evaluation of
the remedial alternatives.

In summary, there are several viable treatment approaches that can be.constructed out of the mix of
technologies tested. However, each of these approaches has its own ‘particular limitations that will
require time, money and effort to resolve prior to and during implementation.

4.3 Analytical Methods and Quality Control

Much of the treatability study evaluation process was based on the results of laboratory analyses of the
various treatment process outputs. In order to ensure that the data were comparable and of known
quality, standard analytical methodologies were used for sample analyses and a rigorous quality control
(QC) program was implemented to quantitatively measure laboratory performance. The following
subsections discuss the analytical methods and the quality control procedures. Differences in analytical
methodology and their specific application to the treatability study are discussed below. Specific QC
findings relative to the overall treatability study program are also discussed in this section. Individual
data points and how they were used in the evaluation process are discussed in the individual vendor
reports included in the Data Compendium. Laboratory data for the samples collected during the program
are also included in the Data Compendium.

In general, the analytical results were found to be comparable and acceptable for the purpose of assessing
process performance. Differences in methodology, where noted, do not appear to be significant relative
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to the overall test conclusions (summarized in Section 4.2). The results of the QC program confirmed
that, overall, results were comparable and accurate for their intended use in an engineering evaluation.
As discussed in more detail below, some quality control results exceeded established criteria, resulting in
some data being considered “estimated”. Although, these estimated results do not pose a significant
concern from an engineering point of view, the potential variability associated with individual data
points should be understood prior to using the data to assess human or ecological risk. Should the data
be used for risk assessment purposes, a more thorough review of each data point is recommended.

43.1 Analvytical Methods

The analytical methods used for the samples collected during the pilot study testing are summarized
below. Several analyses were considered more heavily in the evaluation process, specifically, PCBs,
dioxins and furans, and in some matrices, TCLP metals. These analytical methods are discussed in more
detail below.

With the exception of those routine matrices analyzed for semivolatiles and metals using the EPA
Contract Laboratory Program (CLP), samples were analyzed by subcontractor laboratories selected based
on their expertise with the specific methodology and/or matrix.

In addition to the analytical program described in this section, an on-site laboratory was used to perform
screening level analyses for PCBs, percent solids, and pH. An off-site laboratory provided fast
turnaround analyses of approximately 10 percent of the on-site samples to confirm the screening level
results. On-site screening and off-site fast turnaround results were used to optimize operating parameters
in the field and were not used in the overall process evaluations. However, where the on-site data
provide additional summary level information on the process performance, they are presented in the
individual evaluation sections. Data used in the evaluation of the pilot processes were considered
"Performance" level data and are further discussed below.

4.3.1.1 Solid and Liquid Analytical Methods

Solid and liquid matrices were analyzed by the methods listed in Table 4-1. Subcontractor laboratories
are also listed in Table 4-1. Where possible, the analytical methods were intended to be similar to the
EPA CLP program. The CLP program was designed to standardize the analytical methods and reporting
requirements regardless of which laboratory performed the analysis. Such standardization was useful in
maintaining consistency throughout the duration of the treatability study testing (approximately May
through November, 1996) and also facilitated data validation in accordance with EPA Region I
guidelines. Where necessary, due to analytical requirements or matrices, CLP guidelines were modified.
Where no CLP method was directly applicable, EPA approved methodology was used, as noted in Table
4-1. PCBs, dioxins and furan, and TCLP were key analyses used in the treatability study evaluation
process. These key analytical methods are discussed in more detail below.
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Table 4-1
Summary of Analytical Laboratory Methods for Solid and Liquid Matrices

ek Metitd $E
OLMO03.0 modified to analyze for PCBs only
SVOCs* TToLmose T CLP, Ceimic, IEA-CT
TAL Metals* LMoo T CLP, Ceimic, IEA-CT
‘Dioxins and Furans EPA Method 8200 T Triangle, Alta
PCB Isomers EPA Method 680, modified to report total mono Triangle, Aita
through deca isomers
TCLP (conventional)  EPA Method 1311/0LM03.0/ILM03.0° CompuChem
"ﬁf“l:i;("é.{éé.l"Eéé-éj """"""""""""" 40 CFR Part 268, Proposed Rule - similar to EPA Com}-)'h"éhé'r'ﬁ """""""""""""""""""

Method 1311 modified with a steel cage to leach
solidified samples whole rather than pulverizing first

Oil and Grease EPA Method 413.1 (gravimetric) modified touse CompuChem, IEA-CT |
methylene chloride as the extraction solvent )

"DIPA "EPA Method 8000, (GC/FID) Modified for DIPA Ceimic
‘Moisture in Oil ASTM Method D4377 (Karl Fischer) NUS

Ammonia EPA Method 3502 T Ceimic

Percent Solids ASTM Method D2216 Al
Chioride TTEPAMethod 3252 [EA-CT
Sulfate ASTM Method 1757, AT [EA-CT

Extractable Organic EPA Method 9020 T [EA-CT
Halide (EOX)

Total dissolved, and  EPA Method 160.1, 160.2,160.3 [EA-CT

suspended solids

(TDS/TSS)

pH EPA Methods 9040 and 9045 "Ceimic, IEA-CT

*Soil and aqueous samples were analyzed through the EPA CLP program. Analyses for non-routine
matrices were analyzed by a subcontractor laboratory and the methods modified for the unusual matrices.
IComplete laboratory names and locations are given below.

The Foster Wheeler subcontractor laboratories used during this study and their location are listed as
follows:

Ceimic Corporation (Ceimic) Narraganset, Rl

IEA Corporation (IEA-CT) Monroe, CT

Triangle Laboratories Inc. (Triangle) Research Triangle Park, NC

Alta Analytical Laboratory (Alta) El Dorado Hills, CA

CompuChem Environmental Corporation (CompuChem) Research Triangle Park, NC
Halliburton NUS Corporation (NUS) Pittsburgh, PA

Air Toxics Ltd. (Air Toxics) Folsom, CA

Solid and liquid matrices were analyzed primarily to evaluate the disposition of PCBs, metals, and to a
lesser extent, semivolatiles. TCLP and wet chemistry results were used to assess potential disposal
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options for the various process outputs. Samples of sediment were also analyzed to provide input data
for mass balance closure.

4.3.1.2 Vent Gas Sampling and Analytical Methods

Vent gas samples were collected by TRC using the stack gas sampling methodology summarized in
Table 4-2. Where required by the method, the laboratory prepared the glassware, and prespiked the
collection media prior to shipping to the field. TRC subsequently collected the samples, packaged and
shipped the samples to the laboratory. Additional information on TRC’s field procedures is provided in
their reports included in the Data Compendium. Sample results corrected to the volume collected and to
the total stack flow rates are also included in these reports. Collection and laboratory analytical methods
are summarized in the Data Compendium.

Table 4-2
Summary of Sampling and Analytical Methods for Vent Gas Samples

—
oy

. ?"-v’ HERA 2
Laboraforsh

RN,

PCB Isomers EPA Method 23/CARB Method 428 Alta

Dioxins and Furans EPA Method 23/EPA Method 1613A Alta

PAHs EPA Method 23/8270/TO-13 Alta/Air Toxics
Metals (As, Cd, Cr, Cu, Pb, Hg, Zn)  EPA Modified Method 29 Triangle
Particulate EPA Modified Method 26 A Triangle
HCl/Chloride EPA Modified Method 26A Triangle
Benzene EPA Method TO-14 modified for Air Toxics

vent gas sampling

Complete laboratory names and locations are given in Section 4.3.1.1 above. Vent gas samples were
collected and analyzed to assess process performance and to measure gaseous releases to the atmosphere.

4.3.1.3 PCB Analyses

The primary objective of the Hot Spot treatability study was to measure process effectiveness at
removing and/or destroying PCBs. Accordingly, the PCB data were the most critical to the evaluation
process. PCBs were analyzed using two different procedures, the first being the more conventional
Aroclor analysis, the second being analysis for PCB isomer groups. In order to understand the different
analytical methods, a limited understanding of the chemical structure of PCBs is needed. PCB is an
abbreviation for polychlorinated biphenyl. The bipheny! group consists of two connected phenyl rings, with
ten positions available for either hydrogen or chlorine atoms. The biphenyl group is illustrated in Figure
4-1, the numbered positions indicate where chlorine atoms may be attached.
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Figure 4-1
Chemical Structure of a PCB Molecule

3 2 ¢ 3

The number of chlorine atoms attached to the biphenyl group define the chlorination level of the biphenyl.
For instance, two chlorine atoms attached to the biphenyl group would be a dichlorobiphenyl. The position
of the chlorine atoms on the biphenyl molecule define the specific PCB compound or congener, for
instance, 2,4-dichlorobiphenyl. Because ten positions are available on the biphenyl group, there are 209
different configurations for attaching one to ten chlorine atoms. Each specific chlorinated biphenyl
compound (e.g., 2,4-dichlorobiphenyl) is referred to as a PCB congener.

Each congener has its own unique chemical structure (specific number and arrangement of chlorine atoms)
and therefore can be separated from other congeners on a gas chromatography column, based on its unique
physical characteristics. Aroclors are specific mixtures of PCB congeners named after the average
molecular weight of the mix (e.g., Aroclor 1242). PCB “oils” were mixtures of PCBs in solvent and were
typically manufactured and used as Aroclor mixtures. These are mixtures of different PCB congeners that,
when analyzed using a gas chromatograph (GC) equipped with an electron capture detector (ECD),

provide a characteristic “fingerprint” pattern. Routine laboratory analysis looks for the characteristic

Aroclor “fingerprint” pattern to identify and quantify PCBs. This is the most routinely used (and most
inexpensive) method of PCB analysis. Total PCB concentrations are typically reported as the sum of the
detected Aroclor concentrations. For New Bedford Harbor sediment, this convention has worked well.
Aroclors 1242 and 1254 have been routinely detected in samples of harbor sediment and results from
various sampling rounds conducted over the years have been reasonably comparable.

A group of compounds with the same molecular weight and formula but different chemical structures (i.e.,
the same number of chlorine atoms, but in different positions on the phenyl rings) are called isomers. For
PCBs, the isomer groups are named by the chlorination level (mono through deca). Because each isomer
group has its own characteristic molecular weight, a mass spectrometer (MS) can be programmed using
selected ion monitoring (SIM) to search for only that molecular weight. Results are reported as total
monochlorobiphenyl through decachlorobiphenyl. Total PCBs are calculated as the sum of the detected
isomer groups. The calculated concentration is reported as a total for that chlorination level or isomer (e.g.,
total dichlorobiphenyls). Selected treatability study samples were analyzed for PCB isomers. Results were
reported for each mono through deca isomer group and as total PCB isomers.

The isomer group analysis provided information relative to the distribution of PCB isomer groups
irrespective of the Aroclor composition. The isomer group method of analysis was also useful for
evaluating various intermediate and end point products from the pilot study treatment processes.
Specifically, the data were evaluated to ensure that the treatment processes were actually removing or
destroying PCBs, rather than rearranging their chemical configuration. Isomer group data were also useful
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in reviewing air (stack sample) results, which are conventionally reported on a total isomer basis rather than
by Aroclor, due to the potential for speciation in the gaseous phase.

In addition to the Aroclor and isomer methods of analysis, it is possible to analyze samples for individual
PCB congeners using gas chromatography in conjunction with the mass selective detector. This is a highly
specialized analysis performed by only a few laboratories, usually in association with risk assessment,
where the toxicity of individual congeners is of concern. Typically a subset of the 209 possible congeners is
selected, based on toxicity, for this analysis. During this treatability study, selected samples were analyzed
for PCB isomer groups. PCB congener specific analysis was not performed on samples collected during
this treatability study.

Where possible, Aroclor data were used in the treatability study evaluation process. These data were
consistent and comparable with the available historical data. The Aroclor analysis is also the analysis
typically performed under the CLP program. Therefore, consistent data sets could be relatively easily
obtained from more than one laboratory throughout the duration of the testing program. In cases where
there was the possibility that the process might be changing the PCB “fingerprint” pattern rather than
actually destroying the PCB molecules, samples were also analyzed for PCB isomer groups. For the
most part, the processes were not found to change the PCB (Aroclor) pattern in the solid and liquid
outputs and the Aroclor data were used in the data evaluation process.

PCB isomer group analysis is the approved EPA methodology for the analysis of vent gas samples.
Aroclor analyses were not conducted for vent gas samples. Where it was useful to compare solid
material PCB results with air sample PCB results, it was sometimes useful to consider the solid material
isomer results in addition to the Aroclor data in the evaluation. Where this was done, both sets of results
are presented for comparison. Isomer group data and Aroclor data were not sufficiently different to
change conclusions regarding process performance.

4.3.1.4 Dioxin and Furan Analyses

Polychlorinated dibenzo-p-dioxins (dioxins) and polychlorinated dibenzofurans (furans) are groups of
compounds that are chemically similar to PCBs in that they are large organic molecules with many
possibilities for chlorinated congeners. As with PCBs, the toxicity of the chemical is related to its
specific chemical composition, with the 2,3,7,8 substituted congeners being more toxic than the others
and 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-TCDD) being the most toxic. = The chemical
compositions of dioxin and furan are shown in Figures 4-2 and 4-3, respectively.
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Figure 4-2
Chemical Structure of the Dioxin Molecule
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Figure 4-3
Chemical Structure of the Furan Molecule
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The analysis for dioxins and furans is similar to that described above for PCB isomers and congeners.

Samples were analyzed using gas chromatography in conjunction with high resolution mass
spectrometry. Sample data were reported and used in the following three ways:

e Fifteen individual 2,3,7,8-substituted congeners were reported for each sample.

e Toxicity equivalents (TEQs) were calculated for each 2,3,7,8-substituted congeners based on EPA
toxicity equivalent factors (TEFs). This calculation reports a 2,3,7,8-TCDD TEQ for each
2,3,7,8-substituted congener based on the relative toxicity of the congener to 2,3,7,8-TCDD.

e Total concentrations were reported for each isomer group (e.g., total tetrachlorodibenzofurans).

Similar to the analysis for PCB isomer groups, total dioxin and furan isomer groups (e.g., total TCDD)
were identified by specific masses eluting from the GC column within a given retention time window.
Total concentrations were calculated based on the response of a single congener within the isomer group.
The identification and quantitation of the fifteen 2,3,7,8-substituted congeners were based on SIM mass
ratios and specific retention time. TEQs were calculated by multiplying the concentration of the specific
2,3,7,8-substituted congener by the TEF factor given in Table 4-3.
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Table 4-3
2,3,7,8-TCDD Toxicity Equivalent Factors

2,3,7,8-TCDD
1,2,3,7,8-PeCDD 0.5
1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,8.9-HxCDD 0.1
1,2,3,4,6,7.8-HpCDD 0.01
OCDD 0.001
2,3,7.8-TCDF 0.1
1,2,3,7,8-PeCDF 0.05
2,3,4,7,8-PeCDF 0.5
1,2,3,4,7.8-HxCDF 0.1
1,2,3,6,7,8-HxCDF 0.1

" 2,3,4,6,7,8-HxCDF 0.1
1,2,3,7,8,9-HxCDF 0.1
1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7.8,9-HpCDF 0.01
OCDF 0.001

Based on the definition of TEQ, the TEQ of a sample is related to the concentration of 2,3,7,8 substituted
congeners and is not directly related to the total concentration of dioxin and furan in the sample.

4.3.1.5 TCLP Analyses

TCLP analysis is intended to simulate the leaching of contaminants from a material under landfill -

conditions. The leaching process involves mixing the sample in a slightly acid aqueous solution for a
twenty four hour period. The resulting leachate is filtered and analyzed for contaminants of concern.
Leachate from the samples collected during the treatability study were analyzed for PCBs, semivolatiles
and metals using CLP protocol. As discussed above, the CLP analyses were chosen to provide a well
documented, consistent analytical procedure, similar to the analyses conducted for the raw (not leached)
samples.

Samples were analyzed for TCLP primarily to evaluate the effectiveness of the process(es) at reducing
the mobility of contaminants in the treated product. Accordingly, the samples analyzed for TCLP were
primarily untreated and treated sediment. Results were compared against each other and, where
appropriate, against the TCLP regulatory criteria. Several analytes are included on the CLP analyte list
that do not have TCLP regulatory criteria, including PCBs. These are noted accordingly on the TCLP
data summary tables included in Sections 4.4, 4.5, 4.6, and 4.7. Treatability study samples were not
analyzed for TCLP volatiles, herbicides, or pyridine, as these were not of concern in the raw Hot Spot
sediment.

To fully evaluate the treatment processes, samples were leached using two methods. The first leaching
method was in accordance with EPA Method 1311, where the samples is ground or pulverized to pass
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through a 9.5 mm sieve and subsequently leached. The second method was used only for the solidified
samples generated from the vitrification and solidification processes and involved suspending the sample
whole inside of a steel mesh cage. The steel cage method is intended to simulate disposal of the
solidified product in its unpulverized condition. The steel mesh cage allowed the surface of the sample
to come in contact with the leaching solution to measure the effect of chemical leaching without physical
weathering of the product. The steel cage leaching also provides some data regarding the integrity of the
solidified material under leaching conditions. It is also important to note that the conventional EPA
Method 1311 is the promulgated method for waste disposal, whereas the steel cage method is in draft
form only.

TCLP Method 1311 required that the sample be pulverized prior to leaching and was expected to give
more conservative results than the steel cage method. In actuality, the results using the two different
methods were not significantly different for the majority of analytes. Some metals results were higher
for the steel cage than the conventional Method 1311, presumably due to contamination or interference
from the cage material. Based on these findings, and the fact that Method 1311 is the promulgated
method for waste, the data evaluation process focused on the resuits from the conventional (1311)
analysis.

4.3.2 Quality Control Procedures

Several quality control (QC) procedures were implemented to quantitatively assess the quality of the data
and to ensure that the data were acceptable for use, as determined by project objectives. These
procedures are discussed in more detail in the following subsections. Quality control results and the
overall findings relative to the treatability study program are discussed in this section. These following
procedures were used to measure data quality:

e Replicate (duplicate and triplicate) field sample collection to assess variability within pilot scale
batches.

e Replicate batch runs for each pilot scale process (see Sections 4.4, 4.5, 4.6 and 4.7 for additional
detail).

e Laboratory quality control measures, including calibrations, blanks, matrix spikes, matrix spike
duplicates (duplicate samples for inorganics), internal standard spikes, surrogate spikes, and serial

dilutions.
e Performance evaluation (PE) samples.

e Data validation.

e Split sample analysis by the EPA Region 1 Office of Environmental Measurement and Evaluation
(EPA-OEME).

The results of these QC measures and the impact to the data used in the treatability study evaluations are
discussed below. Specific data points and how they were used to evaluate the treatment processes are
discussed in the vendor reports included in the Data Compendium and to a lesser extent in the data
evaluation subsections of 4.4 through 4.7.
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4.3.2.1 Replicate Batches and Replicate Samples for Each Batch

Each pilot scale test conducted a series of batches referred to as optimization or acclimation and
performance. The specific operating conditions for these batches are included in the individual vendor
reports included in the Data Compendium. In general, the optimization/acclimation batches were used to
adjust operating parameters in support of developing "optimal" conditions. Analytical results were used
by the vendors in cause and effect analyses as discussed in the reports. Optimization data were not used
in the overall process evaluation.

Performance testing was conducted by operating the process(es) under the same conditions for several
batches to assess reproducibility. The exception was the Geosafe process which, due to the time required
for a batch, had only one performance batch. Performance testing data were used in the overall
evaluation of process effectiveness. Results from the different performance batches were used to
evaluate the consistency and reproducibility of the process.

To assess variability within each batch, replicate (duplicate or triplicate) samples were collected where
material volumes permitted. The results of sample and replicates of each performance batch are
presented and discussed in the vendor reports. In summary, the data between and within batches
indicated some variability that was attributed to the inherent variability in the initial feed sediment and to
operating and sampling limitations. Results for some vent gas sampling locations were highly variable
due to the inability to collect isokinetic (flow representative) samples.

4.3.2.2 Data Validation

Approximately 20 percent of the off-site analytical data were validated according to Region I Laboratory
Data Validation Functional Guidelines for Evaluating Organic Analyses, Modified November 1, 1988
and Region 1 Laboratory Data Validation Functional Guidelines for Evaluating Inorganics Analyses,
Modified February 1989. Validations were conducted at the Tier I and Tier II level in accordance with
Region I Tiered Organic and Inorganic Data Validation Guidelines, July 1, 1993. Validation of the
dioxin and furan data was conducted by Lockheed Environmental in accordance with EPA Region I’s
Environmental Service Assistance Team Dioxin Data Validation' SOP ESAT-01-0007 (12/20/95). In
accordance with the SOP, the dioxin and furan validation was in accordance with Tier III guidelines.
The validation guidelines were modified, as appropriate, to consider the elevated PCB concentrations in
some samples, and the non-routine matrices and analyses. The validation process includes a detailed
review of the various laboratory and field QC results, including PE samples.

The data selected for validation were chosen based on its overall significance in the evaluation process.
An emphasis was placed on data from performance batches and on key analyses for significant process
outputs (treated sediment, process off-gas). In addition, data packages were selected from each
subcontractor laboratory to provide an overall indication of laboratory performance for each matrix and

analysis requested.

The results of the data validation are detailed in memoranda (one memorandum per data package)
submitted to EPA under separate cover. In summary, the data were found to be acceptable for the
engineering calculations used to determine the effectiveness of the pilot processes. In several instances,
the data were estimated due to difficulties associated with the specific sample matrices.
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Data were qualified as “estimated” primarily due to matrix related analytical difficulties. Elevated
concentrations of PCBs in some samples caused interferences with the semivolatile analyses, resulting in
elevated detection limits. The oil matrices and the DIPA and ammonia used in conjunction with the
Ionics RCC/CRTI processes caused other interferences and required matrix specific method
modifications. In some instances, samples were extracted outside of holding times. The delay in
analysis was caused by the need to develop sample specific analytical methodology.

Overall, the validation results indicated that the data were acceptable for achieving project objectives;
that is, the data were found to be acceptable for the engineering calculations conducted to support the
evaluation of the effectiveness of the treatability study processes. The level of validation conducted for
this effort (20% using Tier Il guidelines) was appropriate for the intended use of the data. Should the
data be used for quantitative risk assessment purposes, Tier 1II validation for each required data point
(100%) would be recommended.

4.3.2.3 EPA-OEME Split Sample Results

To provide an additional measure of quality control, samples were selected for analyses at the EPA
Region | Office of Environmental Measurement and Evaluation (EPA-OEME) laboratory in Lexington,
Massachusetts. This provided an independent analysis of samples for comparison with those analyzed by
the Foster Wheeler subcontractor laboratories. Samples analyzed through the CLP (i.e. the laboratory
was not subcontracted to Foster Wheeler) program were not split with EPA-OEME. The samples to be
split were selected based on their importance in the overall evaluation process. The majority of samples
chosen for splitting were the feed and treated sediment for PCBs as these were critical in the evaluation
process. The frequency of split samples was greater at the beginning of the program and was decreased
over time as the split sample results confirmed that subcontractor laboratory performance was
acceptable.

In some cases, especially with the vent gas samples, it was not physically possible to split samples. In
these instances, the samples were extracted by the Foster Wheeler subcontractor laboratory and the
extracts were split and shipped to EPA-OEME for analysis. In this manner, the subcontractor analytical
methodology was confirmed. In addition, the Foster Wheeler subcontractor laboratory analyzed air
samples for PCBs, dioxins, and furans using GCMS in SIM mode. Because EPA-OEME was not
equipped to analyze samples using this methodology, other, more conventional analyses were selected
for splitting. In this instance, samples were split for metals and PAHs instead of PCBs. The samples
split from each pilot study are summarized in Table 4-4.
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Tonics RCC/CRTI |

Summary of EPA-OEME Split Samples

Table 4-4

Feed sediment

Ceimic

5 Treated sediment PCB Ceimic
2 Polished oil (feed to CRTI) PCB Ceimic
3 CRTI treated material PCB Ceimic
Total: 16
Geosafe 2 Feed sediment PCB Ceimic
4 Partially treated (adjacent and Ceimic
beneath) sediment PCB
2 Vent gas condensate (aqueous) PCB Ceimic
1 Air Metals Triangle
1 Air PAHs Alta/Air Toxics
Total: 10
SAIC/Ecologic 1 Feed sediment PCB IEA -CT
1 Treated sediment PCB IEA -CT
Total: 2

The results of the split sample comparisons are discussed in the following sections. The results are
discussed for each analysis and, where appropriate, by sample matrix. In determining acceptability of
split sample results, results were compared using Relative Percent Difference (RPD). RPD is calculated

as follows:

RPD = 100 x [ (Subcontractor Laboratory Result)-(EPA-OEME Result) ]
Mean of Results '

In calculating RPD, the subcontracted laboratory result was used first in the equation. Therefore, a
negative RPD indicates that the EPA-OEME result is the greater of the two. A positive RPD indicates
that the off-site laboratory is the greater of the two.

Samples selected for split sample analysis were chosen primarily to evaluate laboratory performance.
The emphasis was on the crucial analysis (PCBs) for the Hot Spot sediment. For air samples, where the
EPA-OEME laboratory was not able to perform the highly specialized PCB isomer analysis, other
analyses were chosen (metals and PAHs) to provide an overall measure of laboratory accuracy.

Solid and aqueous split samples were collected by homogenizing the sample and apportioning aliquots
into separate jars for the different laboratories. The analysis of split samples was primarily intended to

assess laboratory performance.

Therefore, samples were chosen based on the potential for positive

results and the need for sufficient sample volume for the desired analysis and reanalysis, if needed.
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PCBs

PCB split sample results are summarized in Tables 4-5 (lonics RCC/CRTI), 4-6 (Geosafe) and 4-7 (Eco
Logic). In order to assess precision, RPDs were calculated and are presented in the tables. To assess the
acceptability of split sample data, an initial criterion of 50 percent RPD was chosen as acceptable,
requiring no further investigation. This 50% RPD criterion was based on the EPA data validation criteria
for field duplicate samples analyzed by the same laboratory. It was expected that the 50 percent criterion
would be too stringent for Hot Spot samples for several reasons.

e The split samples were analyzed by different laboratories that may have used slightly different

extraction and analytical methodology.
e PCB analysis is sometimes slightly subjective especially where more than one Aroclor pattern is

detected and requires quantitation.
¢ The samples had high concentrations of PCBs and required several dilutions for quantitation,

introducing additional potential for variability.

Table 4-5

PCB Split Sample Results for Ionics RCC/CRTI

FW49 lonics # | Feed sediment 2,700 20,880 -154
FW63 fonics #2 Feed sediment 2,520 5,100 -68
FW80 Ionics #3 Feed sediment 2,470 5,200 -71
FWI110 Ionics # 4 Feed sediment 2,430 4,500 -60
FW109 lIonics # 4 Feed sediment 2,430 4,800 -66
FW129 Ionics #5 Feed sediment 2,430 4,500 -60
FW60 Ionics #1 Treated sediment 12.8 10.3 22
FwW68 fonics #2 Treated sediment 18.7 20 -6
FW126 lonics # 4 Treated sediment 5.1 3.6 35
FwW127 lonics #4 Treated sediment 4.5 3.7 20
FWI151 lonics # 5 Treated sediment 4.1 4.3 -6
FW104 Oil polishing optimization Raw oil 45,000 81,000 -57
FW168 Oil polishing verification ~ Raw oil 32,800 62,000 -62
FW193 CRTI #5 Treated product 5.1 38 -153
FW208 CRTI #6 Treated product 1.3 33 -185
FW210 CRTI #7 Treated product 3.0 ND NC

Results are reported in units of mg/kg.
ND = Not Detected
NC = Not Calculated
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Accordingly, the 50 percent RPD criteria was used only as a preliminary measure of acceptance. To
further evaluate split sample results, especially those with RPDs greater than 50 percent, Foster Wheeler
considered previous project experience involving over 1,000 PCB split samples analyzed by two
different laboratories. In that study, approximately 75 to 90 percent of the split sample results had RPDs
less than 75 percent. PCB split sample results are discussed in that context below.

Table 4-6
PCB Split Sample Results for Geosafe

OEME

Total .
FW317 Geosafe batch #1  Condensate (ug/L) 4,860 6,400
FW335 Geosafe batch #2  Condensate (ug/L) 2,850 5,900
FW300 Geosafe batch #1  Feed sediment (mg/kg) 1,820 4,800 90
FW303 Geosafe batch #1  Feed sediment (mg/kg) 2,890 4,600 -46
FW307 Geosafe batch #1  Adjacent sediment (mg/kg) 3.47 5.4 -44
FwW322 Geosafe batch #1  Beneath sediment (mg/kg) 440 312 -34
FW337 Geosafe batch #2  Adjacent sediment (mg/kg) 132 210 -46
FW341 Geosafe batch #2  Beneath sediment (mg/kg) 404 402 0

Table 4-7
PCB Split Sample Results for Eco Logic

FW520 Eco Logic P3  Feed sediment 5,600 12,000 -73
FW534 Eco Logic Treated sediment 43 107 -85

Results are reported in units of mg/kg

PCBs in Treated Material

Treated material results from the three treatability studies had relatively low PCB concentrations. Nine
out of ten treated material results had RPDs less than 50 percent. Four of these had negative RPDs, four
had positive RPDs, and one comparison was essentially the same for both laboratories, indicating that
neither laboratory was repeatedly higher than the other.

One treated sediment sample (FW534) had an RPD of -85%, with the OEME result being the higher of
the two. This single discrepancy for treated sediment is consistent with the premise that 10 to 25 percent
of the split sample data will exceed 75 percent RPD. Furthermore, this particular split sample result may
be, in part, due to sample variability. Field duplicate samples (analyzed by the same laboratory)
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collected from the Eco Logic batches exceeded 50 percent RPD in two out of four batches (A3 - 65%, P2
- 102%), indicating that the PCB concentration within the treated material may be more variable than
initially anticipated. This material was expected to be well homogenized as a result of being treated
inside of the TRM ball mill. It may be that PCBs were selectively condensing back on to treated material
or other operational difficulties were causing incomplete mixing/treatment of material.

PCBs in High Concentration Samples

Results for other matrices, including feed sediment, oil, and condensate, where the concentration of
PCBs was typically greater than 1,000 ppm (1,000 ppb for condensate) did not agree as well as those
with lower concentrations. One split sample (FW49) RPD was -154%. This difference is attributed to a
non-homogeneous sample and may be indicative of variability within the CDF, as discussed below.
Excluding this unusual result, RPDs for the high concentration samples typically ranged from -27% to -
90%, and averaged approximately -62%. These results are consistent with the expectation that 75 to 90
wpercent of the results will have RPDs less than 75%. This indicates that, in general, the data are in
agreement and acceptable for use. It was noted that RPDs for these split samples were consistently
negative, indicating that the EPA-OEME laboratory results were consistently the greater of the two. This
clearly indicates a bias.in the data, although which laboratory reported the more accurate results was not
determined.

Potential sources of bias are numerous, although, based on the relatively good agreement for samples
with low concentrations, the bias does appear to be matrix/concentration related. It is interesting to
consider that the EPA-OEME results were higher than both subcontractor laboratories (Ceimic and IEA-
CT), although IEA-CT split sample data were limited. In conducting such a comparison, it is equally
important to note that Ceimic and IEA-CT were using essentially the same method for analysis (modified
CLP protocol). It is possible, that by using the same method, the laboratories introduced a similar bias.
Bias may be introduced by extraction or cleanup procedures, instrument calibrations, or other variables.

The actual source for the bias in high concentration samples was not determined as the RPDs were
generally reasonable and did not appear to be a source of concern. RPDs were typically only slightly
higher than the 50 percent RPD criteria used by the EPA to validate duplicate samples analyzed by the
same laboratory. Furthermore, because the significant split sample differences involved samples with
relatively high concentrations of PCBs, the effect on the overall pilot scale evaluation was minimal. The
ability of the pilot scale processes to successfully treat the sediment or oil did not appear to be directly
related to the concentration of PCBs in the feed material. The potential that the high concentration
samples could be biased low does not significantly affect the conclusions regarding pilot scale
performance. The potential bias in feed sample data could result in underestimating destruction and/or
removal efficiencies for the studies. However, such a bias would apply equally to the three processes,
which, for the purposes of this study, were not significantly different from one another.

Based on the split sample data for the feed material, it is possible that the Hot Spot chemical
characterization discussed in Section 2.2 may be biased slightly low for PCBs. The bias does not appear
to be large relative to the concentration of PCBs in the sediment and is not likely to be a factor in
determining full-scale design parameters. As discussed in Section 2.2, the slightly higher PCB results
determined for the third pilot study feed material were used for the full-scale analysis for each
technology, thus eliminating attributing bias to one particular technology over another. The slightly
higher results for the third study were more consistent with available historical data and were sufficient
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for the purpose of developing full-scale implementation requirements. As discussed in Section 2.2,
historical data and the results for split sample FW49 (2,700 / 20,800 ppm, RPD=154%) support the
premise that “hot spots” exist within the CDF (possibly up to 200,000 ppm). This potential was
considered in each treatment technology evaluation and does not significantly affect the conclusions
regarding treatment effectiveness.

PCBs in CRTI Treated Product Samples

Three CRTI treated product samples were split for PCB analysis (FW193, FW208, and FW210) and are
summarized in Table 4-5. The split sample results and the associated RPDs for these samples did not
agree well. These samples were an aqueous slurry resulting from the neutralization of the oily solid
matrix generated by the CRTI process. If left standing, this product would separate with a floating oil
layer. The difference in split sample concentration is attributed to two different approaches to the
analysis by the laboratories. The subcontractor laboratory mixed the sample and took a homogenous
aliquot for extraction. The EPA-OEME laboratory allowed the sample to stand and extracted the floating
oily layer. The PCBs remaining in the CRTI treated product following dechlorination are likely to be
concentrated in the oily fraction of the sample, accounting for the difference in reported concentrations.
Results from both laboratories support the conclusion that PCBs were destroyed by the CRTI process.

Vent Gas Split Samples

Results from the vent gas split sample comparison are presented in Tables 4-8 (metals) and 4-9 (PAHs).
True split samples (same point in time) could not be taken of the vent gas due to sampling limitations.
As an alternative, the samples were prepared by the Foster Wheeler subcontractor laboratory and the

prepared extract/digestate was shipped to EPA-OEME for analysis.

Metals split sample data are provided in Table 4-8. The mercury sample consisted of five separate
samples for analysis:

e A portion of the digestate from the front half (FH) of the sample train. The front half consisted of a

sample filter and associated acetone rinse.

e The impinger solution from the back half (BH) of the sample train.

e The impinger solutions from three mercury specific impingers containing 1) potassium
permanganate/sulfuric acid (KMnO4/H3SO4), 2) hydrochloric acid (HCI), and 3) nitric
acid/hydrogen peroxide (HNO3/H703).
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Table 4-8
Summary of Metals in Air Split Sample Data
Sample ID - G1-2-S5

Digested F-H 72
KMnO4/H2504 60 84 -8.3
IMP3-BH 64 186 24
HCI 094 U 24U NC
HNO3/H202 28 16 13
As Digestate-FH/BH 499 518 -1.0
Cd Digestate-FH/BH 1,960 2,034 -0.9
Cr Digestate-FH/BH 2,330 2,484 -1.6
Cu Digestate-FH/BH 616 709 -3.5
Pb Digestate-FH/BH 106,300 115,200 -2.0
Zn Digestate-FH/BH 74,900 81,180 2.0

Results are reported in units of ug/sample.
U = not detected
NC = not calculated

A combined front half and back half digestate was analyzed for six other metals (arsenic, cadmium,
chromium, copper, lead, and zinc). The results from the two laboratories agree well, RPDs for each

metal were significantly Jess than 50 percent.

PAH split sample data are summarized in Table 4-9. The Method 23 sampling train was prepared and
extracted by Alta Analytical. A portion of the extract was sent to Air Toxics for PAH analysis using
EPA Method 8270. A second portion of the extract was sent to EPA -OEME for confirmatory analysis.
Samples were analyzed for the eighteen PAHs summarized in Table 4-9. Split sample results agree well,
RPDs were significantly less than 50 percent.

In summary, the results of the vent gas split samples agreed well. The RPDs for each analyte were less
than 25%. Results for only three mercury fractions exceeded 10 percent. Based on these results, it
appears that the analytical procedure used by the different laboratories produce similar results. Sample
variability is expected to be more a function of the sample collection and/or extraction process rather

than the instrumental analysis.
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Table 4-9
Summary of Semivolatiles in Air Split Sample Data
Sample ID - G1-1-87

Naphthalene 110 110 0%
2-Methylnaphthalene 33 NA NC
2-Chloronaphthalene 4.7 NA NC
Acenaphthylene 24 2 0%
Acenaphthene 4.3 4 2%
Fluorene 6.3 5 8%
Phenanthrene 39 27 9%
Anthracene 49 5 -1%
Fluoranthene 38 31 5%
Pyrene 21 22 -1%
Chrysene 5.3 4 7%
Benzo(a)anthracene - 3.5 3 2%
Benzo(b)fluoranthene <2 1 NC
Benzo(k)fluoranthene <2 1 NC
Benzo(a)pyrene . <2 1 NC
Indeno (1,2,3-c,d)pyrene <2 ND NC
Dibenz(a,h)anthracene <2 ND NC
Benzo(g,h,i)perylene <2 ND NC

Results are reported in units of ug/sample
ND = Not Detected
NC = Not Calculated

4324 Summary of Quality Control Results

This section provides a summary level discussion of the analytical quality control program, the

associated results, and the implications for data usage for the Hot Spot treatability study testing program. -

A more detailed discussion of the analytical methods, the quality control program, and the results are
provided in the above subsections. The analytical data generated during the treatability study testing are
included in the Data Compendium.

Analytical data collection was a large portion of this treatability testing program and the sample results
played a significant role in the evaluation of the individual processes. In order to fully assess the
performance of each technology in achieving the overall treatment goals, it was crucial that the data be
comparable and representative. In order to provide data of known and acceptable quality for assessing
the performance of the treatment techniques, several quality control measures were implemented. These
measures, the results, and their impact on the data evaluation process are summarized below:

e  Where available, samples were analyzed using CLP methodology to provide consistent analytical
procedures and reporting from several different subcontractor laboratories. Where CLP (or modified
CLP) could not be conducted, the samples were analyzed using EPA or ASTM approved methods.
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e  Where sample volume allowed, replicate samples were taken from each key sampling point. These
replicate analyses were used during the evaluation process to provide an indication of variability
within process batches.

e Each treatability process conducted replicate batches to evaluate the reproducibility of the operating
process.

e Each analytical chemistry laboratory used specific analytical quality control procedures that assess
method performance. The results from these procedures were reviewed in the data validation
process and used to qualify data, as needed, based on the validation.

e A split sampling program was conducted to provide an independent assessment of the analytical
chemistry laboratories selected by Foster Wheeler. The results of this split sample program provide
an overall indication of subcontractor laboratory performance and potential bias.

Results from replicate analyses within and between batches are provided and discussed in the individual
vendor reports included in the Data Compendium. Overall, results for the solid and liquid matrices
within and between batches, including feed and treated sediment materials, agreed reasonably well and
provide an adequate basis for drawing conclusions regarding the process performance at treating Hot
Spot sediment. Vent gas samples from some locations could not be sampled isokinetically due to
sampling port locations. As expected, results from these locations were highly variable. Accordingly,
these data points were used to provide summary level information only. The data from isokinetic
sampling locations agreed reasonably well and were used as the basis for definitive conclusions. The
limitations of the data and the subsequent conclusions are discussed in each process evaluation section.

A Region I Tier II validation was conducted for approximately 20 percent of the data generated during
this treatability study. Dioxin data were validated using EPA Region I Tier III guidelines. The
validation included a review of laboratory quality control measures with respect to method specific
criteria. The validation memoranda discuss individual sample results and the effect of quality control
exceedences on the data. Overall, the validation determined that the data were acceptable for the
intended purpose of evaluating the effectiveness of different treatment process. Some data were
considered estimated due to quality control exceedences. The validation actions (estimation) were not

‘severe enough to affect the use of the data for its intended purpose. It is important to note that the level:

of rigor associated with a Tier Il validation is appropriate for the level of data quality needed to assess
engineering process performance. This validation effort was not completed with the purpose of using the
data for quantitative risk assessment. Should the data be used for quantitative risk assessment purposes,
a Tier III level validation would generally be required.

As an additional measure of quality control, a split sampling program was implemented where samples
were split between the Foster Wheeler subcontractor laboratory and the EPA Region I Office of
Environmental Measurement and Evaluation (OEME) laboratory. The split sample comparison indicated
that results for samples with relatively low concentrations of PCBs agreed well. Approximately 90
percent of these split sample results had RPDs less than 50 percent. Sample results for feed material and
concentrated PCB oil samples were more variable, with an average RPD of 62 percent. In general,
OEME sample results were greater than the Foster Wheeler subcontractor results. The cause for this
trend was not determined and it cannot be assessed which laboratory was the more accurate. However,
these split sample results identify the potential for the Foster Wheeler laboratory results to be biased low.
This potential bias for the high concentration samples is not likely to have a significant effect on the
conclusions that were drawn based on this data and the studies as a whole.
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4.4 Ionics RCC/CRTI Test Program

The Ionics RCC/CRTI test program was the first of three processes tested at the pilot scale for the Hot Spot
sediment. The test involved two processes, the Ionics RCC solvent extraction process and the CRTI
chemical destruction process. The lonics RCC process is a solvent extraction method for removing organic
contaminants from the Hot Spot sediment. The resulting organic product is a condensed, highly
contaminated (approximately 50,000 ppm or more PCB) waxy product (referred to as “oil”) that is solid or
semi-solid at ambient temperatures. The CRTI process involves the chemical dechlorination of the PCBs in
the Ionics RCC organic product. The following subsections describe the pilot study process, the testing that
was conducted, the results of the testing, a discussion of the potential full-scale treatment at the conceptual
level, and an estimate of the associated full-scale treatment costs.

4.4.1 Process Description

The pilot scale testing of the Ionics RCC/CRTI processes was conducted by using a combination of the two
treatment technologies operated in series. Solvent extraction of the contaminants from the sediment was
conducted with the patented Ionics RCC Basic Extractive Sludge Treatment (B.E.S.T.®) solvent extraction
process. The resulting high concentration PCB oil product was chemically treated using the CRTI Solvated
Electron Technology (SET®). The following subsections describe the equipment and processes in more
detail. Section 4.4.2 describes the pilot study testing program, and Section 4.4.3 discusses the results of the
program from a chemical and materials handling perspective. Sections 4.4.4 and 4.4.5 discuss full-scale
application of the processes and the associated costs.

4.4.1.1 lonics RCC Solvent Extraction Process

The Tonics RCC B.E.S.T.® solvent extraction process uses a unique property of certain amine solvents to
extract hazardous contaminants from soil, sludge, and sediment. For this pilot study, diisopropylamine
(DIPA) was used as the extraction solvent. Hazardous organic contaminants in the sediment such as PCBs
concentrate in the organic (oily) portion of the material.

The key to the success of amine extraction is the property of inverse miscibility. At temperatures below
about 27°F, the DIPA is miscible with water, i.e.,, DIPA and water are mutually soluble. Above this
temperature, DIPA and water are only partially miscible. In the B.ES.T.® process, inverse miscibility
allows the feed sediment material and the solvent to create a single phase extract solution. That extract
solution is a homogenous mixture of solvent, organics, and water found present in the feed sediment. Once
extraction of the feed material is complete, the solids (sediment) are separated from the homogeneous
extract solution by gravity settling and/or centrifugation. The clean treated solids (sediment) are then dried
to remove residual solvent.

The solvent (DIPA) and water are removed from the organic oily extract solution containing PCBs by
evaporation and subsequent condensation. After condensing, the solvent/water mixture temperature is
maintained in the range where the solvent and water are only partially miscible. With the specific gravity of
the solvent being 0.72, as compared to the water specific gravity of 1.0 (heavier), the solvent and water are
easily separated by gravity. Both solvent and water are removed from the homogeneous extract solution
and can be reused because of their Jow PCB content. The solvent is recycled for use in subsequent
extractions. Traces of residual solvent that remain in the water are removed by steam stripping. The water
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can then be re-used within the treatment process or discharged to a public water treatment facility as
sewerage.

The organics in the extracted solution remain in a concentrated form as the solvent and water are removed
by evaporation. After removal of the solvent and water, the concentrated organics are transferred to the
CRTI Solvated Electron Technology (SET®) process equipment for non-thermal chemical destruction of
the PCBs.

B.E.S.T.® Pilot Unit Operations

The B.E.S.T.® process pilot unit is a solvent extraction system capable of processing contaminated
sediment, sludge, and soil. The pilot unit's main function is to demonstrate the process fundamentals
through the use of scaled-down versions of actual full-scale equipment components; namely, the extraction
vessels (Extractor/Dryer, and Premix Tank), the solid bowl fines centrifuge, the decanter, and the solvent

, Evaporator. The pilot unit allows on-site testing of contaminated feed material in larger quantities than is
practical to process in laboratory glassware. It also generates operational data for each unit operation during
processing of specific feed material. This operational information allows the development of accurate full-
scale design and operation projections. A photograph of the pilot scale unit is included as Exhibit 4-1

Exhibit 4-1
Ionics RCC Pilot Scale Unit

The pilot unit is designed for batch operation of the extraction cycles. While each of the major process
operations can be operated in a batch mode, some unit process operations (such as fines centrifugation) are
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normally operated continuously. The pilot unit has a nominal feed volume of about one cubic foot
(8 gallons, or approximately 130 pounds) of feed sample per batch.

-
For purposes of system description, the B.E.S.T.® pilot plant operations have been divided into the
following five steps:
1. Feed Material Preparation
2. Extraction
3. Solids Drying
4. Solvent Recovery
5. Solvent/Water Separation
Each of these steps is discussed in more detail below. A block diagram summarizing the overall B.E.S.T.®
process is included as Figure 4-4.
Figure 4-4
B.E.S.T.® Process Block Diagram
Solvent (to recycle)
Recycled
Solvent Oil
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Feed *
Material Extract Solvent -
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Feed Material Preparation

Preparation of feed material for pilot unit testing involves screening to remove materials greater than 1/4
inch in size. This Y-inch feed size requirement applies only to the smaller pilot scale test equipment.
Material less than approximately one inch in diameter can be treated with the full-scale B.E.S.T.® process
equipment. Oversize material requires independent treatment.

Extraction

The vessel used for the first extraction cycle depends on the nature of the feed material. Feed materials that

have a high organic and/or water content are extracted first in the Premix Tank. The Premix Tank is a

larger vessel and allows using more solvent volume relative to the volume of feed. This gives more

efficient initial extraction of water and organics. Other feed materials with low water and/or organic

content are extracted first in the Extractor/Dryer. Due to their relatively high moisture content, the Hot Spot
vsediment feed materials treated during this test were processed first in the Premix Tank.

The Premix Tank is a vertically mounted cylindrical vessel. The Premix Tank has a mixer shaft penetrating
the top of the vessel and extending to near the bottom of the vessel. The shaft has paddles mounted on it to
mix the Premix Tank contents.

The extraction process is illustrated in Figure 4-5. The feed material is loaded into the Premix Tank through
a capped opening on top of the Premix Tank. Solvent is then added to fill the Premix Tank and mixing is
started to begin the first extraction cycle. Mixing continues for several minutes, then is stopped to allow for
settling of the solids by gravity. '

Figure 4-5
Solvent Extraction Process Diagram
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After a period of settling, the homogenous extract solution is decanted (drained off the top) from the solids.
After all extract solution has been decanted, the Premix Tank is again filled with solvent for the next
extraction cycle. Additional extraction cycles, including fill/mix/settle/decant, are repeated as required.

The extract solution (solvent/organics/water) from the Premix Tank is either transferred to the fines
centrifuge or sent directly to solvent recovery. If the decant solution contains fine solids that did not settle
effectively by gravity, the decant solution is routed to the centrifuge for mechanical removal of those fine
solids. The solids-free decant solution from the centrifuge (centrate) is routed to the solvent evaporator for
solvent recovery. If the decant solution does not contain fines, it is pumped directly to the solvent
evaporator without going through the centrifuge.

Solids Drying

The Extractor/Dryer is a horizontally mounted, cylindrical vessel outfitted with a shaft running the length of
the cylindrical axis. The shaft has paddles mounted on it to aid in the mixing of the Extractor/Dryer
contents. A steam jacket surrounds the Extractor/Dryer to provide the heat necessary to dry the solids and
remove residual solvent. Exhibit 4-2 is a photograph of the Extractor/Dryer. The solids remaining in the
Premix Tank after the final extraction cycle are pumped to the Extractor/Dryer and dried. The solids drying
unit operation is depicted in Figure 4-6.

Exhibit 4-2
Ionics RCC’s Extractor/Dryer
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Figure 4-6
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The Extractor/Dryer is equipped with direct steam injection ports as well as the previously described steam
jacket. Steam is added to the jacket to indirectly heat the Extractor/Dryer and its contents to about 77°C.
After the bulk of solvent is driven off by evaporation, steam is injected directly into the Extractor/Dryer.
The entire drying process is done with the Extractor/Dryer mixing paddles rotating. This mixing increases
the heat transfer and reduces the solids drying time.

The remaining solvent and direct injection steam form an azeotrope mixture with a boiling point lower than
either the solvent or the water. Additional direct injection steam drives the azeotrope vapor out of the
Extractor/Dryer. The evaporated solvent driven off earlier and the azeotrope mixture driven out of the
Extractor/Dryer are routed to the dryer condenser.

The condensed solvent/water mixture from the dryer condenser is routed to the normal solvent recovery
path for re-use. After all the solvent is removed from the Extractor/Dryer, the temperature of the vapor rises
from the low boiling point of the azeotrope to the boiling point of water. The drying is continued past this
point for a short time to ensure that all residual solvent is removed. The direct injection steam condenses in
the Extractor/Dryer and helps to minimize dusting. After the drying process is complete, the solids are
removed through the discharge port on the bottom of the Extractor/Dryer.

Solvent Recovery and Qil Polishing

The decanted extract solution (or centrate) from the extraction process is pumped to the solvent evaporator.
In the solvent evaporator, the centrate is heated to its boiling point and evaporated forming an azeotrope of
solvent and water. The solvent/water azeotrope is continuously produced and is directed through a rectifier

i
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to the main condenser. The rectifier is installed to limit the carry-over of semi-volatile compounds from the
solvent evaporator into the recycled solvent. The condensed vapor from the main condenser (solvent and
water) forms a non-homogenous condensate consisting of a solvent phase and a heavier water phase. This
mixture is directed to the solvent decanter, where the water and solvent phases are separated by gravity.

The solvent decanter is maintained at about 65°C. At this temperature, the water and solvent are only
partially miscible. The lighter solvent phase retains about 5% water and the heavier water phase retains
about 5% solvent. The recovered solvent, with its 5% water, is recycled back to the solvent storage tank for
reuse. The recovered water, with its 5% solvent, drains by gravity into the water storage tank where it is
stored for residual solvent removal. Solvent recovery and water recovery are shown in Figure 4-7.

Figure 4-7
Solvent and Water Recovery
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The organic fraction from the sediment concentrates in the evaporator. A continuous bleed of concentrated
organics and solvent is diverted from the evaporator to one of the two oil polishers. The two oil polishers
operate in both continuous and batch mode to concentrate and steam strip the concentrated organic oil
product. One of the two oil polishers continuously receives the bleed of organics/solvent from the solvent
evaporator and is referred to as the concentration phase. The second other oil polisher is "polishing"
concentrated organics in batch mode and is referred to as the steam stripping phase.

The concentration phase oil polisher receives a continuous bleed of organics/solvent from the solvent
evaporator. Indirect steam heating continuously evaporates solvent from the organics/solvent mixture,
concentrating the organics in the oil polisher. When organics have reached sufficient concentration in the
oil polisher, organic/solvent feed to the oil polisher is stopped and the oil polisher is switched to the steam
stripping phase and operated in batch mode.

In the steam stripping phase, the organics are steam stripped to remove residual solvent. When the steam
stripping phase is complete and the residual solvent has been removed, the remaining B.E.S.T.® organics
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fraction is pumped out of the oil polisher to the CRTI process for PCB destruction. Exhibit 4-3 is a
photograph of the lonics/RCC oil polishers.

Exhibit 4-3
Tonics RCC Full-Scale Oil Polishers

Solvent/Water Separation

- The water originally contained in the feed material is separated from the extracted organic fraction by
evaporation, and then separated from the solvent by decanting, as described above in Solvent Recovery.

However, the water still retains about 5% residual solvent.

The residual solvent is removed from the water by steam stripping. The water recovered from the solvent
decanter is heated to about 60°C and injected into the top of a stripping column. Steam is injected directly
into the bottom of the column and flows upward through the water that is traveling down the column. The
steam heats the water and strips the residual solvent from it. The stripped solvent and steam exit the column
at the top and are directed to a condenser. Condensed solvent is routed to the solvent decanter for normal
solvent recovery operations. The stripped water is collected at the bottom of the column and set aside for

sampling,
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4.4.1.2 CRTI Chemical Destruction Process

Solvated Electron Technology (SET®) is a chemical destruction process based on solvated electron
chemistry, which has been known for some time. Dissolving an alkali metal, such as calcium or sodium, in
an appropriate solvent, chemically generates a solvated electron solution. Solvated electron solutions are
powerful reducing agents that can be used to destroy PCBs by removing the chlorine atoms from the PCB
molecule. These electrons are effectively detached from alkali and alkaline earth metals by several
solvents, including ammonia, amines, and ethers. For the New Bedford Harbor treatability study, sodium
was the active metal of choice, and anhydrous ammonia was the solvent of choice. The bright blue color
that is visible immediately upon introduction of the alkali metal is indicative of an abundance of free
electrons in the solution. The dissolution may be shown as follows:

Liquid
— s Na +e -

NH,

Although the reducing power of the solvated electron solution is known chemistry, the solution's reactions
with many common constituents, such as iron oxide and other metal oxides, water, oxygen, nitrogen, nickel,
and copper, result in removing free electrons from solution. This can reduce the solution’s power to
dechlorinate PCBs.

In application, the process employs a reactor vessel in which contaminated material and liquid ammonia are
mixed. The ammonia mixes with the contaminated organic material (the organic fraction from the
B.E.S.T.® process) forming a solution. After brief additional mixing, sodium is added. Electrons are freed
from the sodium by the ammonia, and the free electrons chemically remove the chlorine atoms from the
contaminants, in this case, PCBs. When the process is complete, ammonia is retained in the system for re-
use, and the treated (dechlorinated) organic material is removed. By-products of the process consist
primarily of metal salts (sodium chloride, i.e., ordinary "salt"), biphenyls, and trace amounts of ammonia.
Figure 4-8 illustrates the basic SET® process.
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Figure 4-8
Solvated Electron Technology (SET®) Process Summary
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SET® Pilot Unit Operation

A mobile pilot scale SET® unit, capable of processing approximately 1 gallon of concentrated organic per
day, was employed for the New Bedford Harbor Treatability study. The unit consisted of a reactor pressure
vessel, a zero discharge holding vessel for treated product, and a storage pressure vessel for recycling liquid
ammonia (this vessel is identical to and interchangeable with the reactor vessel). Concentrated organic
material (extracted from the sediment during the B.E.S.T. process) was introduced into the reactor vessel,
where it was mixed with liquid anhydrous ammonia. A calculated amount of metallic sodium was added
through a special port in the top of the vessel. As the sodium dissolved, electrons were released to the
solution, and these electrons, or free radicals, destroyed PCBs through a chlorine substitution process.
When the reaction was complete (approximately 15 minutes), the contents of the reactor vessel were
emptied to the zero discharge holding vessel. Ammonia was transferred to the storage vessel using a
common heating and cooling operation. After ammonia removal, the treated material was manually
removed from the zero discharge holding vessel. A photograph of the CRTI pilot unit is included as
Exhibit 4-4.
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Exhibit 4-4
CRTP’s Pilot Scale SET® Unit

4.4.2 lonics RCC/CRTI Pilot Test Program Elements

The Ionics RCC/CRTI test program, the first of three pilot study tests, is discussed in this section.
Schedule, process optimization, and sampling points are presented in the following subsections. Analytical
results and an overall process evaluation, full-scale applications analysis, and associated costs are discussed
in Sections 4.4.3. 4.4.4, and 4.4.5, respectively.

A flow diagram, summarizing the Ionics/RCC and CRTI processes, is included as Figure 4-9. A summary
of the sampling locations and the analytical parameters is also included on this figure. The sample matrix
and a brief description of the sampling point are included in Tables 4-10 (lonics RCC) and 4-11 (CRTI).
Where sample volume allowed and the data were intended for performance evaluation purposes, samples
were collected in replicate (duplicate or triplicate), from each batch (see Section 4.4.2.1). The lonics
RCC/CRTI test program is discussed in detail in their vendor report, included in the Data Compendium.
Complete analytical results are also included in the Data Compendium. A summary of the results and an
evaluation of process performance is included in Section 4.4.3.
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Table 4-10

Summary of Samples Collected During the Jonics RCC Pilot Test

viger :
S1 sediment Composite of grab samples from feed sediment per batch
soil/lsediment | + 1/4 inch oversize whole sediment, composite of grab
S2 > 1/4" samples from 1/4 inch screen (total of all batches)
sediment wet Interstage treated solids after x extractions, solids are
S3(x) with DIPA mixed with DIPA, composite of grab samples per batch
dry soil/ Final treated solids after x extractions, solids are steam
S3(x) sediment dried, composite of grab samples per batch
B.ES.T.® raw un-polished product oil and solvent, one
approx. grab sample from oil accumulated following the three
90% DIPA/ optimization batches and one grab sample following the
__________ S4 4% PCB inoil | two verification batches
solvent Solvent grab samples, one at beginning of study and one at
S6 i (DIPA) the end of each batch
B.E.S.T.® vent gas from first carbon treatment, at least one
gas in per day (twice per extraction batch, twice per solvent
________ S7 reaction tubes recovery batch and twice per oil polish)
' BES.T.® treated vent gas samples, at least one per day
gas in (twice per extraction batch, twice per solvent recovery
________________ S8 i reactiontubes : batch and twice per oil polish)
wax-like solid at Composite raw polished oil (grab sample of composite).
S10 ambient temp. Note this is the feed material for the CRTI process.
Product water, grab sample at end of three optimization
________________ S5 ¢+ aqueous batches and after two verification batches
S14 water/settled B.E.S.T.® decontamination fluids
. solids
Replicate samples were collected from each batch where appropriate.
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Table 4-11
Summary of Samples Collected During the CRTI Pilot Test

Composite raw polished oil (grab sample of
_; composite). Feed material for the CRTI
S10 ! wax-like solid at ambient temp. process.

aqueous slurry with an organic (oil) ; CRTI dechlorinated product, grab sample at

St  layer end of batch

CRTI condensed NHj3 after treatment
dissolved in water, grab sample at end of

S12 i aqueous/hexane batch. Hexane rinse at end of batch.
S13 aqueotus CRTI scrubber water
S14 | solvent/settled solids CRTI decontamination fluids

4.42.1 Test Program Schedule

A summary of the pilot study testing schedule is included in Table 4-12 and briefly discussed below. As
summarized in Table 4-12, testing was divided into optimization and verification batches. The purpose of
the optimization testing was to identify the optimum process parameters required to maximize extraction of
PCBs from the contaminated sediment feed material. The purpose of verification testing was to collect data
from tests (batches) operated under consistent/reproducible optimum process conditions. Data generated
from the verification testing was used in the overall process evaluation (see Section 4.4.3).

fonics RCC performed five B.E.S.T.® extraction runs (E1-ES5) on Hot Spot sediment and two oil polishing
runs (OP1 and VP1) as summarized in Table 4-12. Three extraction runs (E1-E3) were optimization tests
and two (E4-E5) were verification runs. The extractions were run in batch mode except for E2 which was
run in a continuous mode. Oil product from optimization batches E1 through E3 was combined and
polished in oil polishing batch OP1. Oil product from verification batches E4 and ES was combined and
polished in oil polishing batch VPI.

CRTI performed seven runs (C1-C7) on the polished oil that was recovered from the solvent extraction pilot
test. The CRTI runs are also summarized in Table 4-12. Four runs (C1-C4) were optimization tests using
polished oil from Ionics RCC batch OP1 as feed material and three (C5-C7) were verification tests using
polished oil from Ionics RCC batch VPI as feed material. Each run was operated in batch mode. Data
from the verification runs were used to evaluate the treatment process (see Section 4.4.3).
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Table 4-12
Ionics RCC/CRTI Pilot Tests Program Schedule

6/6/96 ] El Extraction optimization run

6/7/96 2 El Extraction optimization run

6/8/96 3 E2 Extraction optimization run

6/9/96 4 E2 Extraction optimization run

6/10/96 5 E3 Extraction optimization run

6/11/96 6 E3 Extraction optimization run

6/12/96 7 OP1 Oil polishing optimization run

6/13/96 8 OP1 Qil polishing optimization run

6/14/96 9 E4 Extraction verification run

6/15/96 10 E4 Cl Extraction verification run / SET® optimization run

6/16/96 11 E4 C2 Extraction verification run / SET® optimization run

6/17/96 12 E5 C3 Extraction verification run / SET® optimization run

6/18/96 13 - E5 Extraction verification run

6/19/96 14 VPI1 C4 Oil polishing verification run / SET® optimization run

6/20/96 15 VPI Oil polishing verification run / SET® optimization run

6/21/96 16 TGS SET® verification run

6/22/96 17 Cé SET® verification run

6/23/96 18 C7 SET® verification run
Batch Identification:
E = lonics RCC B.E.S.T.® process extraction, sediment drying, and solvent recovery. All were conducted in
OP,VP = Oil polishing and water stripping (OP = optimization batch, VP = verification batch), continuous
C = CRTI Solvated Electron Technology (SET®) processing, batch operation.

4.4.2.2 lonics RCC Pilot Scale Testing Program

As mentioned above, the pilot test batches were divided into optimization and verification batches.
Optimization testing was conducted to determine optimum operating parameters for treating the Hot Spot
sediment. Verification testing was conducted to collect evaluation data from the process under consistent,
reproducible conditions. The pilot scale testing program is described in the following subsections.
Additional detail on the field operations is included in the vendor report included in the Data Compendium.

Optimization Testing

Three optimization tests (batches) were conducted with the feed sediment material. The expected optimum
process parameters for the sediment were determined based on prior bench scale testing, engineering
analysis, and computer modeling of sample characterization results. These parameters were used, and
adjusted, during optimization testing. The optimum process parameters, as identified during this
optimization testing, were then used during the verification testing.
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Feed Preparation and Loading

Whole Hot Spot sediment from the Confined Disposal Facility (CDF) was screened to remove oversize
material greater than Y4-inch. The screened feed material was then homogenized and stored in covered
5-gallon buckets. The less than Y%-inch material represents about 93 percent by weight of the whole Hot
Spot sediment. Analytical samples of the feed were collected during the transfer to the buckets. The
amount of feed material loaded into the Premix Tank was determined by the solids content of the feed
material, bulk density of the solids, and solids settling characteristics. Sufficient feed material was added to
the Premix Tank such that later, during the drying step, the Extractor/Dryer was at least one-quarter
(8 gallons) full of dried solids when complete. This minimum volume of solids in the Extractor/Dryer
allowed for proper heat transfer and mixing in the Extractor/Dryer during drying.

Solvent Extraction Testing

Five major extraction parameters were optimized:

extraction temperature
extraction time -

solids settling time

decant level

number of extraction cycles

By varying one or more of these parameters, the optimum combination of extraction variables was
determined.

Batch E-]

The feed sample load used for batch 1 was 130 pounds. Three cold (less than about 27°C) extraction cycles
were used for batch 1 processing. The optimum extraction temperature for treating this feed material was
determined to be near the complete miscibility point of the solvent/water mixture in the Premix Tank.

For batch 1, the optimum extraction time ranged from 5 minutes for the first extraction cycles to 15 minutes
for the final extraction cycles. Longer extraction times were required for the final extraction cycles due to
the lower extraction efficiency encountered when the contaminants reach lower levels.

The decant level was at 62 percent (upper port) of the Premix Tank full volume for the first 3 extractions,
and then at the 32 percent (mid port) for subsequent extractions. After the water was removed in the initial
extractions, the solids settled to a lower level and this allowed a greater fraction of the remaining
contaminants to be decanted with each extraction. The feed material settled quickly. This resulted in a
clear solids-free extract solution (solvent/contaminants/water). Therefore, fines centrifugation was not
required during batch one. The extract solution was decanted directly into the solvent evaporator.

The solids and solvent heel remaining in the Premix Tank were pumped over to the Extractor/Dryer and
dried to remove the residual solvent. The caustic addition required to achieve the desired treated solids
solvent residual for batch 1 was 18 ml of 50% sodium hydroxide in water (NaOH) per kilogram of dry
solids. This caustic load was added to the Extractor/Dryer just prior to the drying step.
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Batch E-2

Batch 2 was processed in continuous mode by deliberately allowing fines to carry over to the centrifuge.
The solids/liquid separation is very effective in the centrifuge when compared to that achieved by gravity
settling. This increased separation allowed a greater extraction efficiency. The feed load used for batch 2
was 132 pounds. This feed material was loaded directly into the Extractor/Dryer.

Extraction was started by adding solvent to the material in the Extractor/Dryer. The material was mixed
while solvent was continually added. A mixture of solvent, water, organics, and fines was allowed to flow
out of the vessel. This mixture was transferred to the centrifuge for liquid-solids separation. The solids
were continually returned to the Extractor/Dryer, while the extracted centrate was routed to the normal
solvent recovery system for recovery and re-use.

The caustic addition required to achieve the desired pH and treated solids solvent residual for batch 2 was
18 ml of 50% NaOH per kilogram of dry solids. This caustic load was added to the Extractor/Dryer just
prior to the drying step.

Batch E-3

Batch 3 processing was conducted similarly to batch 1. The feed material load used for batch 3 was 124
pounds. Three cold extraction cycles were conducted in the Premix Tank during batch 3. The optimum
extraction temperature for treating this feed material was determined to be near the complete miscibility
point of the solvent/water mixture in the Premix Tank.

For batch 3, the optimum extraction time ranged from 5 minutes for the first extraction to 30 minutes for the
final extraction. Longer extraction times were used for the final extraction due to the lower extraction
efficiency encountered when the contaminants reached lower levels.

The extract solution was decanted from the mid port of the Premix Tank for each extraction during batch 3.
As for batch 1, the extract solution was free of fines, and thus was not centrifuged. The extract solution was
routed directly to the solvent evaporator. The solids and solvent heel in the Premix Tank were then pumped
over to the Extractor/Dryer for drying.

The caustic addition required to achieve the desired pH and treated solids solvent residual for batch 3 was
18 ml of 50% NaOH per kilogram of dry solids. This caustic load was added to the Extractor/Dryer just

prior to the drying step.

The concentrated organics (PCBs and oil) remained in the evaporator throughout the processing of the
optimization batches. After the third batch of feed sediment was processed, (the final optimization batch),
the solvent/organic solution in the solvent evaporator was concentrated to about 30 liters, and pumped into

the oil polisher.

The oil polisher is a smaller, isolated solvent evaporator. Since the volume of organics present in the feed
material was relatively low, the volume of concentrated contaminant was too small for effective
concentration in the main solvent evaporator. The oil polisher is smaller, so it allowed a smaller volume of
material to be circulated and heated without a large percentage of the material adhering to the inner
surfaces. The extracted contaminants were concentrated in the oil polisher and then pumped into sample
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containers for subsequent treatment with the Solvated Electron Technology PCB destruction process. The
solvent and water recovered during oil polishing was returned to the pilot unit for re-use.

Optimization Testing Conclusions

The performance of the first three batches was used to determine the parameters to be used during
verification testing. Based on observations of the testing, it was determined to use Premix Tank extractions
as was done for batches 1 and 3. A feed batch load of about 140 pounds was determined to be optimum.
The extraction temperature, extraction time, solids settling time, and decant level from the third batch were
observed to be optimum, so they were repeated during verification testing.

The only parameter in question was the number of extraction cycles to use. Based on screening data, it
appeared that a significant amount of PCBs were removed after eight extractions. To collect additional data
on the efficiency of the process at lower concentrations, ten extractions were performed during verification
testing.

Verification Testing

The purpose of verification testing was to collect data from tests (batches) conducted under consistent and
optimum process conditions. Data generated during these verification tests was used in the overall
evaluation of the process (see Section 4.4.3). The following process parameters were selected for operation
of the B.E.S.T.® process during verification testing:

e A feed load of about 140 pounds was used for each batch.

e Extraction temperature was less than 27°C for the first extraction then increased with each
extraction. The temperature was greater than 55°C for extractions 7 through 10.

e Extraction mixing times were set at 10 minutes for extraction cycles 1 through 3, and 15 minutes
for extraction cycles 4 through 10.

o The settling time was set at about 30 minutes for extractions 1 through 3. The settling time was set
less than 15 minutes for extractions 4 through 10, and was often less than 5 minutes. The solids
settled to a lower level for extractions 4 through 10 than for extractions 1 through 3, and thus more
extract was removed during the later extractions.

¢ Ten extraction cycles were conducted with the feed material.
e The fines centrifuge was not used.

s Caustic addition during drying of the sediments was 18 ml of 50% NaOH per kilogram of dry
treated solids.

e The PCB contaminated organic fraction remained in the evaporator throughout the processing of
both verification batches. After the second verification batch was processed, the solvent/organic
solution was concentrated to about 30 liters, sampled, and transferred to the oil polisher for further
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concentration. After polishing, the organic fraction was placed in containers for sampling and
treatment with the Solvated Electron Technology.

® The recovered water was stripped to remove residual solvent and then sampled.
4.4.2.3 CRTI Pilot Scale Testing Program

The CRTI Solvated Electron Technology (SET®) process was tested in seven batches. As was done for the
lonics RCC process, the first SET® batches were conducted to optimize parameters. Verification testing
was conducted to collect representative data under optimal operating conditions. The CRTI pilot scale
testing is described below.

Optimization Testing

The concentrated organic fraction generated from RCC's optimization test phase (batches 1, 2, and 3) was
used as the feed for CRTI's SET® process optimization tests. Optimization testing was conducted to
determine the parameters necessary to achieve chemical destruction of the PCBs and generate data which
would be used to provide an estimate of the full-scale treatment costs. The CRTI equipment used for the
Hot Spot sediment was capable of treating up to one gallon of contaminated matrix per twelve hour day.

Feed Sample Preparation and Loading

At the start of testing, the CRTI pilot unit was configured to pump heavy liquids as feedstock. The
concentrated organic fraction from the B.E.S.T.® unit discharged as a liquid when warm. However, after
cooling to ambient temperature, the organics solidified due to the constituency of the organic contaminants
in the original sediment. The B.E.S.T.® process removes all the contaminant organics from the sediment,

including heavy organics such as wax, not just the PCBs.

When RCC and CRTI discovered that the organic fraction had cooled to a waxy solid that could not be
pumped, the CRTI pilot unit was adapted to receive the solid matrix. The organic fraction was then fed into
the reactor vessel through a side access port. This feed method was not representative of available full-scale
equipment. Therefore, the expected method of loading materials into the full-scale SET® unit could not be
demonstrated in pilot scale.

Optimization Parameters

Four parameters were optimized; these included:

¢ sodium mass

e ammonia volume

e premix time

e treatment mix time
Sodium Mass

The sodium metal added to the solvated waste solution was the primary focus of optimization. The ratio of
sodium metal to PCBs had to be sufficient to ensure that enough solvated electrons were present in solution
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to achieve destruction of the PCBs. If the amount of electrons was insufficient, additional metal had to be
added. The addition of excess metal causes the treated product to be reactive and caustic, due to unreacted
sodium metal and sodium amides. These hazardous characteristics require the treated residuals to receive
additional post treatment conditioning to facilitate safe handling by site workers. For these reasons, it is
desirable to achieve complete PCB destruction with as little metal as possible.

CRTI's first optimization batch run was made with a high sodium dosage, namely, approximately 80% (by
weight) sodium to the mass of the waste treated. During the following two runs, the sodium to waste ratio
was lowered to 50% and 40%, respectively. Cross-contamination of the treated residual with input material
lodged in the feed mechanism during the second and third runs encouraged the decision to use more sodium
during the remaining verification runs. As a result, excess sodium and sodium amides were present in the
treated organics. Therefore, an additional post-treatment step was required to react the excess sodium metal
and to reduce the pH to below 12.

Ammonia Volume

The first optimization run determined that ammonia volume required between 8 and 9 liters. This amount
of ammonia allowed adequate mixing of the product oil and sufficient contact with the solvated solution.
There was little expansion or contraction of the treatment matrix during operations, and sight glass
monitoring of fluid level was possible.

Mix Time
The first optimization run also determined that approximately 10 minutes of pre-mix time was sufficient to
slurry the product oil in the ammonia completely prior to sodium addition. After this pre-mix was

completed, sodium aliquots were dropped through the reactor vessel entry port, and after each, a 2 to
5 minute solvation mix time elapsed.

Optimization Testing Results

The treated material from CRTI batches 2 through 4 contained significantly more PCBs than originally
anticipated. The source of PCBs in these samples was identified to be contamination from feed material in
the loading port becoming dislodged during transfer of the treated material from the reactor vessel to the
zero discharge holding vessel. During the transfer process, the treated (quenched) material was
re-contaminated by the high concentration input feed. When discovered, on-site operations were modified
to transfer the treated product in a solvated condition before quenching, rather than quenching the solution
in the reactor. Thus, the solvated electron reaction was not stopped (quenched) prior to the transfer and
material dislodged from the feed port during transfer was effectively treated in the discharge piping or the
discharge vessel. Subsequent performance test runs verified the identification of and the solution to the
cross contamination.,

Verification Testing

Feed loads of 606, 619, and 646 grams of the B.E.S.T.® concentrated PCB contaminated organic (oil)
fraction were used for verification batches 5, 6, and 7, respectively. The material was received in a solid
state, and was chopped into small pieces for inserting into the reactor vessel. No other pretreatment was
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performed. The material was loaded into an empty, ambient pressure and temperature reactor vessel, then
the vessel was closed and filled with anhydrous ammonia.

After a nominal ten minute mixing period, sodium was added at a 65% by weight ratio of sodium to oil.
Solvation was indicated both by color and conductivity, and after approximately twenty minutes of reaction
time, the material was discharged to the zero discharge vessel for ammonia removal. One liter of quench
water was added to this vessel after ammonia recovery to react any remaining sodium metal. The combined
treated materials and water were removed from the zero discharge vessel and stored in five-gallon plastic
pails.

4.4.3 lonics/CRTI Effectiveness Evaluation

The analytical results for the Ionics RCC/CRTI pilot study program are presented and discussed in this
section. The solvent extraction (B.E.S.T.®) and the chemical destruction (SET®) results are discussed
separately, as the processes may be operated independently at full-scale, if desired. The sampling points
and the associated analyses are summarized in Figure 4-9 and in Tables 4-10 and 4-11. The Ionics
RCC/CRTI report and available laboratory data are included in the Data Compendium. A discussion of the
analytical methods and associated quality control results is provided in Section 4.3.

For the purposes of this evaluation, data from verification runs were used. Optimization runs were intended
to develop optimum operating parameters and were not intended for use in evaluating overall effectiveness
of the process. Optimization data are presented in some cases, as it provides a larger data set for the
purposes of evaluating possible trends.

4.4.3.1 lonics RCC Process Performance

The results for key process outputs are summarized and discussed in this section relative to overall process
performance. The primary focus of this evaluation is to consider the effectiveness of the solvent extraction
process effectiveness at removing PCBs from the sediment. Secondary considerations include evaluating
disposal options for the various process outputs, including treated sediment.

Feed and Treated Sediment Results

Section 2.2 discusses the chemical and physical characteristics of the Hot Spot sediment. PCB results for
feed material for the Ionics RCC pilot test were lower than the expected average CDF concentration.
Results for feed material for the pilot test are used in this evaluation. While the average PCB concentration
from the CDF is expected to be a slightly higher concentration than was treated by lonics RCC/CRTI during
the pilot scale study, the relatively small difference in PCB concentration is not likely to significantly alter
the conclusions of the testing results.

Table 4-13 summarizes the PCB results for treated solids with respect to the concentration in the feed
material. Removal efficiencies were slightly greater for the verification runs, presumably because operating
parameters were optimized and, in part, because ten extractions were performed rather than eight.
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Table 4-13
Ionics RCC PCB in Sediment Results

- am - El
Feed Sediment (S1) 2,100
Final Treated Sediment (S3F)! 13
Removal Efficiency (%) 99.38 99.24 99.70 99.79 99.76

PCB values are reported in units of mg/kg and are an average of detected Aroclor results.
I Final solids were collected following 8 extractions for the optimization batches and after 10
extractions for the verification batches.

In addition to sampling the dry solids at the end of the batch, the solids in the Premix Tank were sampled
in between the extraction cycles. These interstage solids samples were screened for PCBs in the on-site
laboratory to monitor process performance. To illustrate the effectiveness of each extraction cycle, the
results of interstage solids analyses after each extraction are presented in Table 4-14, and are graphically
depicted in Figure 4-10. Results from the off-site laboratory are used for the feed (S1) and the final (S3
final) data. The final extraction (S3 final) material was the last sample collected during each batch and
was dry treated solid. The interstage solids (S3x, denotes the number of extraction cycles) samples were
of solvent saturated sediment collected after each extraction cycle and analyzed by the on-site screening
laboratory.

Table 4-14
Solvent Extraction Interstage and Treated Solid PCB Results

Feed (S1): 2,100 2,500

Extraction Cycle (S3)
1st Extraction 790 290 3,700 680
2nd Extraction 910 55 2,000 780
3rd Extraction 310 36 780 430
4th Extraction 4] 140 23 87 120
5th Extraction 220 68 24 40 39
6th Extraction 5.1 160 50 22 14
7th Extraction 39 55 7.5 6.3 82
8th Extraction 13 19 5.2 7.1
9th Extraction 2.8 42
10th Extraction 4.8 6.0
Results are reported in units of ppm.
PCB results are from the on-site screening analysis, except for S1 and the "Final" S3 for
each batch which are from the off-site analysis.
If field is left blank, no data are available.
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Figure 4-10
Ionics RCC Solvent Extraction Summary
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As shown in the table and figure, the majority of PCBs are removed in the first few extractions.
Typically, 70 to 80 percent of the PCBs were removed after three extractions. Verification testing data
(E4 and ES5) indicate that the sediment can be effectively treated to less than 50 ppm PCB in
approximately five extraction cycles. A 10 ppm PCB concentration can likely be achieved using seven
extraction cycles. Subsequent extractions may continue to remove PCBs although, based on screening
data, PCB concentrations were not significantly reduced with additional extractions once a 10 ppm
residual PCB concentration was achieved. The required cleanup level would ultimately determine the
required number of extraction cycles and will have a significant effect on overall full-scale
implementation costs (see Section 4.4.4.6).

Treated solids were also analyzed for oil & grease, total solids, diisopropylamine, metals, and TCLP
analytes. Selected results of the treated solids analyses are presented in Table 4-15. TCLP results were
below regulatory limits.
Table 4-15
Solvent Extraction Treated Solids (S3) Results

Oil & Grease (%)
Total Solids (%) 83
Diisopropylamine (mg/kg) 2.7

Where replicate samples were collected, oil & grease and DIPA numbers, are an average of results.
NA - Not Analyzed
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Oil Polishing Results

The final step in the B.E.S.T. process is the oil polishing step, where excess moisture and DIPA are
removed (recycled) and the resulting PCB oil is concentrated prior to disposal and/or further treatment. The
organic mixture of oil and DIPA prior to polishing (S4) and the polished oil (S10) were sampled and
analyzed for the parameters summarized in Figure 4-9. Results of selected analyses from the verification
oil polishing batch are summarized in Table 4-16.

Table 4-16
Summary of Oil Polishing Verification Batch Results

4 St R
PCB (ppm) 49,000
PCDD/PCDF-TEQ (ppt) 15,000
Oil & Grease (%) NA

NA = Not Analyzed

Product Water (S5) Analyses Results

The product water resulting from the extraction and stripping process was sampled and analyzed for the
parameters given in Figure 4-9. Analytical results of the product water analyses are summarized in
Table 4-17.

Table 4-17
Solvent Extraction Product Water (S5) Analysis

Oil & Grease <10
Total Solids 180
TDS 180
TSS <5
Diisopropylamine 2.7

< indicates not detected above the given reporting limit

4.4.3.2 CRTI Process Performance

The concentrated organic fraction from the solvent extraction process verification testing was the feedstock
for CRTI verification testing (CRTI runs 5, 6, and 7). PCB results for feed and treated material are
summarized in Table 4-18. The treatment residual from the SET® process was an aqueous slurry with an
organic (oil) fraction. This non-homogenous matrix resulted in some analytical difficulties which are
outlined below and discussed in more detail in Section 4.3. Despite the analytical difficulties, the data
clearly indicate that the SET® process effectively treats PCBs to low ppm levels in the treated product. The
average PCB destruction efficiency for the verification batches was 99.994% confirming that the CRTI
SET® chemical destruction process effectively treats PCBs.
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Table 4-18
CRTI Pre- and Post-Treatment PCB Concentrations

5 49,000 5.1
6 49,000 1.3
7 49,000 3.0

' Untreated oil for CRTI batches 1 through 4 was composited from Ionics RCC extraction batches 1
through 3. Untreated oil for CRTI batches 5 through 7 was composited from lonics RCC
extraction batches 4 and 5.

As discussed in Section 4.4.2.2, excess sodium and sodium amides were present in the treated product,
resulting in a reactive, caustic product. To eliminate handling, shipping, and analysis difficulties, the
product was neutralized using an acidic aqueous solution prior to sampling. The resuiting final product was
an aqueous slurry with a pH of approximately 11. If left standing, a floating oil layer would separate. This
non-homogenous matrix made collecting a representative field sample difficult. Furthermore, the QC
results suggest that the concentration of PCBs found in the sample was proportional to the amount of oil
included in the analysis. The EPA Region I laboratory reported concentrations of 38 ppm, 33 ppm, and
non-detect for samples from batches 5, 6, and 7, respectively. It appears that these results were generated
by analyzing primarily the oil fraction.

It is reasonable to conclude that the majority of PCBs remaining after treatment are likely to be contained
within the organic oil matrix of the treated product rather than in the aqueous fraction. Based on the data
from the pilot study, the differences in reported concentrations are minimal and do not change the
conclusion that the SET® process is capable of reducing concentrations of PCBs from approximately 5
percent to the low ppm levels.

Recycled Ammonia (S12) Results

For each verification batch run, a 200 ml sample of the recycled ammonia recovered from the test was
collected in a one liter jar and evaporated in water. The jar was then washed with hexane, and the hexane
rinsate analyzed for PCBs. PCBs were not detected in the aqueous or hexane rinsate samples, indicating
that PCBs were not lost in the ammonia recovery process.

Scrubber Water (S13) Analysis

The pilot system includes a vent scrubber to remove ammonia which might escape the process by the vent.
The water in the scrubber was sampled after each CRTI run to verify that PCBs were not exiting the process
by the vent. After each CRTI run, a 1 liter sample of scrubber water was collected and analyzed for PCBs.
Scrubber water PCB results ranged from non-detect values (<2.0 ppb) to 83 ug/L (ppb).
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4.43.3 lIonics RCC Materials Balance

The amount of materials, by individual component, added to and recovered from the B.E.S.T.® pilot unit
during verification testing, are presented in Table 4-19.

Table 4-19
B.E.S.T.® Process Material Balance

Measurenion ~ Diy ol
Material Added (ibs.) 0.38 157.9 5.671
Material Recovered (Ibs.) 0.34 168.4 7.95
Percent Recovery 89.5% 106.6% 140%

The balances were drawn over Batches 4 and 5 combined, and using averages. Water balance cannot be
determined due to undefined retention of decontamination water in the pilot unit. However, this is not
anticipated to significantly affect the results and/or conclusions of the study.

Mass balance results indicate that approximately 90 percent of the PCBs are recovered in the process and
that the solids appear to be fully recovered. The measured recovery for PCBs appears reasonable, given the
potential for variability in the sampling and analytical methods. The slightly elevated recovery for the oil
and grease fraction may be due to residual DIPA and/or water in the polished oil product.

4.4.3.4 CRTI Materials Balance

A summary of the material balance for the verification testing for the CRTI process is presented in Table
4-20. The CRTI pilot scale materials balance results indicate that materials were accounted for within plus
or minus five percent. Given the potential variability in the measurement methods, this appears reasonable.
Note that this mass balance accounts for the materials added but does not address the amount of materials
added relative to the amount of product oil treated. During the pilot study, an “over-dose” of sodium was
used to ensure destruction of the PCBs. Because this overdose resulted in a treated product with reactive
sodium and sodium amides, additional water and acid were required to neutralize the product. The increase
in mass of material needed for the post-treatment was not assessed during the pilot test. Available mass
balance data indicate that process streams were accounted for and support the conclusion that PCBs were
effectively destroyed by the process.

Table 4-20 -
CRTT Verification Testing Material Balance

“,@»3\;‘ Méxa\sureﬁ,eﬁt,, v\‘” . Rxﬁviii@sx K , . Run,@ i nee .
Material Added (grams) 3,006 2,986 3,059
Material Recovered (grams) 3,120 2,998 3,034
Percent Recovery (%) 104% 100.4% 99.2%
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4.4.4 Jonics RCC/CRTI Full-Scale Application

The following subsections discuss potential full-scale application of solvent extraction and solid phase
chemical destruction as a means for treating the Hot Spot sediments. The section begins with an
overview of the process development and full-scale work during the past 15 or so years. Much of this
information has been taken directly from the Jonics RCC/CRTI report (Data Compendium) and the
claims of success are, by in large, theirs. In the course of preparing this FS Addendum, these claims
were not independently verified by Foster Wheeler.

The discussion of potential full-scale treatment of the Hot Spot sediments includes an overview of the
treatment system components and their operation, the estimated time to fabricate and deliver a treatment
unit to the New Bedford site, the estimated cost to treat the 18,000 tons of Hot Spot sediment, a
discussion of the unit’s potential operational hazards and potential site specific and/or technological
limitations for the process.

It is important to note that the two stages of treatment are discussed separately (i.e., solvent extraction vs.
solid phase chemical destruction), with the consideration given to the fact that the pilot test was
conducted with the two stages operating in conjunction with one another. In addition, it should be noted
that the technical approach and cost estimate were modified by Foster Wheeler to reflect our evaluation
of the treatment equipment during the pilot scale test and our engineering judgment based on direct
experience with implementing innovative technologies in general, and at Superfund sites.

4.4.4.1 lonics RCC/CRTI Full-Scale Experience

This section provides a summary level discussion of the process development activities that Ionics RCC
and CRTI have been performing since the early 1980s. The activities include the full range of process
engineering and development and include bench, pilot and full-scale applications. While the two
processes were developed independently of one another over this period, they extended their work in
treating contaminated sediments beyond the New Bedford Harbor on-site pilot scale study program. This
includes a recent test at CRTI’s research and development facility located in Marengo, Ohio. This test
was conducted with PCB contaminated sediment from New Bedford Harbor. These tests were conducted
independently from the treatability study program described herein and were designed by Ionics RCC
and CRTI to resolve some of the materials handling difficulties that were experienced by the CRTI unit
at New Bedford.

Ionics RCC Full-Scale Experience

Tonics RCC has been developing the B.E.S.T.® process since the early to mid-1980s. In the course of
developing the process, they have conducted over 300 bench scale tests and over 25 pilot scale
demonstrations. This work has also included design, construction and operation of a 70 ton per day unit
used to treat 3,700 tons of PCB contaminated sludge at the General Refining, Inc. (GRI) site in
Savannah, Georgia. A picture of the full-scale solvent extraction unit used at the GRI site is presented in

Exhibit 4-5.
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Exhibit 4-5
Full-Scale Ionics RCC Unit at the GRI Site in Savannah, Georgia

lonics RCC has also recently completed design and construction of a second generation solvent
extraction unit that was delivered to a site in 1996 for the treatment of soil contaminated with organic
and radioactive waste. The design of this solvent extraction unit was very similar to the one that was
identified to complete cleanup of PCB contaminated soils at the Norwood PCB Superfund site in
Norwood, Massachusetts.

CRTI Full-Scale Experience

CRTI has been developing the SET® process since 1982. The development work has generated a
significant volume of bench scale data with actual scale-up of the process beginning in 1994. Since that
time, CRTI has been actively developing the technology including construction of a 400-gallon reactor
system in 1995. Since that time, they have added several more reactor systems. The development of the
system can be traced through the chronology of equipment presented in Table 4-21. A photograph of a
CRTI full-scale system is included as Exhibit 4-6.
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Table 4-21
Solvated Electron Technology Equipment Experience

T1to2 liters Y literhr | Liquids/Soil

8

In use 1989 1 2 liters Y2 liter/hr Liquids/Soil : Laboratory

In use 1991 1 15 liters 2 liters/hr Liquids/Soil | EPA R&D

In use 1993 6 2 liters 4 liters/hr Soil Laboratory

In use 1995 1 400 gal. (S/4) 200 #s/hr Soil/Solids i R&D; EPA Demo

In use 1995 2 15 liters (CMDU2) 2 liters/hr Liquids Mobile unit; New
Bedford,
Port Hueneme

In use 1996 3 500 gal. (S/2) 400 #s/hr Soil R&D; EPA Demo

In use 1997 1 100 gal (L150) 66 f#s/hr Liquids CFCs, commercial

In development 1997 1 100 gal. (L.200) 100 #s/hr Liquids Chemical warfare agents

In development 1997 1 30 gal. (MS10) 1 ton/hr Mixed DOE/radioactive soils

Wastes

In development 1997 1 30 gal. (S10) 1 ton/hr Soil Soil, commercial

In development | 1998 i Continuous (S50) 5 tons/hr Soil Soil, commercial

In development 1998 1 Continuous (L1200) 400 #s/hr Liquids Concentrates;
commercial

4.4.4.2 Conceptual Full-Scale Treatment System

This section contains the conceptual full-scale solvent extraction and solid phase destruction process that
could be used to treat the Hot Spot sediment. Within this section of the document these two processes
(solvent extraction and solid phase chemical destruction) are discussed both separately, and together. This
was done given the potential to mix and match these two processes with each other, or with other treatment
approaches. Prior to discussing the potential conceptual full-scale treatment systems, a summary of the
scale-up information provided by lonics RCC and CRTI in their report is provided.

Bench scale and pilot scale treatability testing were designed to closely simulate the vessels and processes
to be used in full-scale treatment. The data serves to predict full-scale performance and to estimate
treatment costs. Because successful pilot testing was conducted on the Hot Spot sediment material to be
remediated, both Ionics RCC and CRTI believe the model is expected to be reasonably accurate for
predicting full-scale results and treatment costs. The information presented in this section provides a
summary level discussion of full-scale equipment and expected treatment costs. Detailed scale-up
information is contained in the Ionics RCC report.
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Exhibit 4-6
Full-Scale CRTI Unit in Marengo, Ohio

lonics RCC Scale-Up Viability

Table 4-22 presents data from two separate treatability tests and from full-scale operation for the lonics
RCC B.E.S.T.® solvent extraction process at the GRI Superfund site. These data demonstrate a close
correlation between bench scale treatability test data and full-scale operating data. lonics RCC also has a
significant volume of scale-up data between their 25 plus pilot scale demonstrations and their 300 plus
bench scale treatability study evaluations. Their information has been used to refine the process parameters
for full-scale operations. This includes the 70 ton per day unit at the GRI Superfund site and a 50 ton per
day unit that Ionics RCC recently delivered to a site to treat radioactive and organic mixed waste soil. This
recent treatment system shares many of the process features with the unit recommended for New Bedford
Harbor. The solvent extraction process proposed for the New Bedford Harbor site is similar to both the 70
ton per day full-scale unit used at the GRI Superfund site, and the 50 ton per day unit delivered recently.
The proposed solvent extraction unit draws from the sediment handling components of the unit used at GRI,
and the solids handling and drying components of the 50 ton per day unit.
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Table 4-22
PCB Concentrations in Raw Sludge and Product Fractions at the General Refining Inc. Site

|5 . Baramets
Raw Sludge, mg/kg, dry basis 14
Product Solids, mg/kg, dry basis 0.02 0.14
Product Water, mg/L <0.01 <0.0]
Percent Removal, % 99.9 98.8

A key component for the Ionics RCC system is that they use unit process components that are routinely
available in the chemical and food processing industry. An example of this is the extractor dryer system for
this system. lonics RCC uses the same pilot scale unit that a leading manufacturer (Littleford Day) uses to
perform scale-up evolutions. This is important as it greatly minimizes the scale-up and performance risks
of the technology.

CRTI Scale-Up Viability

Development of the SET® process has been ongoing since 1982. The development work has generated
significant supporting data for the chemistry and for its application to various matrices. Scale-up of the
process began in 1994, with a 400-gallon batch reactor for solid materials becoming operational in 1995.
Three 500-gallon soil reactors and a 100-gallon liquid reactor have been added, with the instrumentation to
monitor process parameters such as:

Heat of reaction for various reactants
Reaction times

Sodium usage

Optimum sodium concentrations
Optimum ammonia ratios

Ammonia recovery efficiency
Waste stream analysis

Conductivity repeatability

PCB destruction efficiency

These process parameters have remained consistent throughout scaled-up versions, and provide design
criteria for the L1200 unit. The most critical parameters have been adequate mixing and reaction time.
Because the SET® process requires contact of free electrons with each target molecule, adequate mixing
must be provided for each equipment configuration. Also, instrumentation results show that the reaction
time is less than 3 seconds. Together, these features have directed scale-up activity towards smaller
equipment volumes utilizing faster throughput to achieve both reliability of the process and increased
treatment rates.

The unit used for the New Bedford Harbor Hot Spot sediment treatability study (CMDU2) was configured
to treat liquid materials. Since the organic fraction from RCC's B.E.S.T.® process was a solid at ambient
temperature, CMDU?2 was re-configured at the site (after the first two optimization runs) to accommodate a
solid matrix. CMDU?2 best models a continuous contaminated liquid feed into a solvated solution. CRTI is
currently working to overcome this and other materials handling issues experienced during the treatability
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study. These issues must be addressed as part of CRTI’s scale-up process for the technology to be effective
and economically viable as it applies to the Hot Spot sediment.

The system proposed for New Bedford (L1200) is a refinement of the L150 and L200 units presented in
Table 4-21 and uses the same basic process and process parameters.

Conceptual Full-Scale Treatment Systems

The full-scale treatment approach is based on the systems described in the lonics RCC treatability study
report. The approach includes a combination of the Ionics RCC B.E.S.T.® solvent extraction system design
to process 136 tons of wet sediment per day, and CRTI's SET® 11200 unit capable of processing 3.2 tons
of oily extract per day. These processing rates assume 24 hour per day operations, seven days a week. The
operating assumptions also include an on-line factor of 85 percent for Ionics RCC and an on-line factor of
80 percent for CRTI. At 136 tons per day, the lonics RCC solvent extraction unit would treat the 18,000
tons of Hot Spot sediment over a five month period. The CRTI unit would keep pace with the solvent
extraction process in treating 3.2 tons of oily extract daily.

Conceptual Full-Scale lonics RCC Treatment System

The conceptual full-scale Ionics RCC treatment system would consist of several skids which would be
set-up in a treatment area approximately 180 feet by 180 feet. This would account for the treatment
equipment and provide set-backs due to solvent safety regulations. The system would include all of the
major process components contained in the pilot scale system. The system schematic presented in Figure
4-11 is designed to operate 24 hours a day, seven days per week with occasional periods of scheduled
maintenance. The system’s design capacity is 160 tons of sediment per day with an expected throughput
rate of 136 tons per day. This translates into an “on-line” factor of 85% and accounts for the scheduled
maintenance and other minor unforeseen interruptions.

To protect the treatment system mechanical components, the wet sediment removed from the CDF would
be run through a one-inch screen to remove oversize particles. The screened sediments would be
pumped to the pre-mix tanks for extraction with diisopropylamine. This was the same operating
procedure used by lonics RCC during the pilot scale test program. Following several stages of
extraction, the liquid mixture of solvent, oil extract and water would be removed. The solids would be
transferred to the dryer unit to remove the residual water and solvent. Following drying, the solids
would be tested against the cleanup criteria to determine if additional processing was required and
returned to the CDF if appropriate.

The liquid process streams would be separated through a combination of processes including stream
stripping. The individual unit processes that would separate these liquid streams are discussed earlier in
this section and would result in two waste streams, oil extract for subsequent treatment and water. The
water stream is typically uncontaminated but may require minor polishing depending on whether it is
released to a POTW, or a surface water body. It is important to note that the solvent is recovered from
all waste streams within the process and is recycled.
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The solvent extraction process would produce approximately five and a half gallons of oil extract for
each ton of wet sediment treated. This oil extract would be transferred to the CRTI SET® process for
treatment. This material transfer and the solid phase chemical destruction of the PCBs and other organic
contaminants process via solid phase chemical destruction unit is discussed further below. It is also
important to note that the oil extract could be treated through other means such as off-site incineration.

Conceptual Full-Scale CRTI Treatment System

The conceptual full-scale CRTI SET® system for solid phase chemical destruction is based on CRTI’s
development of the process over the past several years, their work during the New Bedford Harbor Hot
Spot Treatability Study Program and their recent work with New Bedford Hot Spot sediment at their
research and development facility. The conceptual process schematic for the SET® process is presented
in Figure 4-12. The unit would be transported to the site on four standard flat bed trailers and would
occupy an area approximately 60 feet by 60 feet.

The oil extract would be transferred from Ionics RCC solvent evaporator at approximately 70°C and in a
fluid state. Rather than allowing the material to cool to ambient temperature and solidify as was done
during the pilot scale study, CRTI SET® equipment design will receive, store and process this feedstock
as a fluid by maintaining its temperature. The full-scale system, unlike pilot scale, is designed to sustain
near stoichiometric conditions, thus minimizing the formation of soda amides and preventing the treated
product from being highly caustic. CRTI would monitor the reaction with a conductivity probe to
prevent over-dosing with sodium and would neutralize soda amides formed as a result of the catalytic
action of any iron compounds present.

The oil extract from the Ionics RCC solvent evaporator would be pumped through trace heated piping to
a sparger which feeds a 500-gallon insulated and trace heated “tote” tank. The extract would then be
pumped from the bottom of the tote tanks using a specially designed positive displacement pump. This
positive displacement diaphragm type pump has been used both in the L150 SET unit and the pilot scale
unit used by CRTI to process chemical warfare agents. The oil extract would then be transferred through
a flow meter to Static Mixer “B” at a rate of approximately 32 gallons per hour and at a temperature to
70 to 90° C.

Sodium would be received in bulk form cast in a 55-gallon drum with nitrogen filling the void space.
Four drums of sodium at a time would be stored in a drum heater box, complete with fan, electric heating
elements, and controls. All four drums would be maintained at approximately 115°C, at which
temperature sodium is liquid. One drum (at a time) is connected to a diaphragm type sodium pump,
which feeds sodium liquid to the one of Static Mixer “A”. Approximately 100 gallons per hour of liquid
anhydrous ammonia from the system ammonia reservoir tank would be continuously pumped and
metered to Static Mixer “A”, where they rapidly solvate molten sodium. An aging section following
Static Mixer “A” allows full solvation time, as confirmed by in-line conductivity probes. The organic
fraction and solvated sodium solution exiting Static Mixer “B” pass through another aging section and
are slightly cooled to remove reaction heat. After aging, a calculated amount of decanted process water
is injected as Static Mixer “C”. The process water reacts with any residual by-product sodium amides
formed to release ammonia and by-product gases. Ammonia and by-product gases are removed from the
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organic material downstream of Static Mixer “C”. Waste product is removed as a slurry and is mixed
with acid waste from the scrubber system to effect neutralization.

The treated material would be containerized for on-site disposal. It is estimated that 600 cubic yards of
treated waste product material would be generated from a full-scale operation. At this stage it is unclear
it this material could be directly disposed of in the CDF, or whether alternative means of disposal would
be required. Ammonia from the evaporator would be recovered by a compressor packaged system
(employing regenerative heat recovery to the system) using a closed circuit water based cooling tower.
An ammonia dryer would be provided in the ammonia recovery systein to maintain the recycled
ammonia at less than 0.6% dissolved in water. Makeup ammonia would be provided from a vendor
supplied “nurse” tank.

An ammonia scrubber system would be included with this process to neutralize ammonia passing from
the system with non-condensable by-product gases from the process. Sulfuric acid from drums would be
used for the scrubber neutralization medium. The entire system would be designed to operate at a
maximum of 400 psig, and at a maximum design temperature of 50°C. Maintaining this temperature
optimizes reaction efficiency and allows reduced operating pressures for safety considerations.

The technology implementation schedule includes a number of components in addition to treating the
sediment. The schedule must incorporate the time to design and construct a full-scale treatment system
capable of treating the Hot Spot sediments. Simply having a full-scale unit in existence may not be
sufficient to meet the matrix-specific materials handling challenges that the Hot Spot sediment present.
This was clearly demonstrated during the pilot scale testing program. In addition, the time to mobilize to
the site, set-up the treatment unit skids and perform complete checkout/start activities must also be
included. Finally, time must be included for decontamination and disassembly of the treatment equipment
for demobilization.

For the Tonics RCC and CRTI processes, Foster Wheeler has estimated the total time, including treatment,
to be on the order of two and a half years. This includes 18 months for design and construction of the
treatment equipment; six months for mobilization and set-up/checkout activities; five months for treatment;
and one month for decontamination and disassembly of the treatment equipment.

4.4.43 Technology Limitations

The technology limitations for the Ionics RCC and CRTI processes are primarily related to materials
handling issues. Three problems were encountered during the New Bedford Harbor pilot scale study and
would require resolution before treatment could be carried out in an effective manner. The three problems
include:

1. Transfer of the oily waste from the Ionics RCC solvent extraction unit to the CRTI solid phase
chemical destruction unit.

2. Cross contamination of treated waste material within the two CRTI process cylinders.

3. The high pH and reactability of the CRTI treatment residuals.

Tonics RCC and CRTI took proactive measures in the field during the test program to try to solve the first
two issues and have offered reasonable suggestions as to how they would be addressed at full-scale. The
third materials handling issue is potentially more problematic as it potentially impacts the ultimate viability
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of the CRTI process. In summary, the high pH, rcactive waste slurry that Foster Wheeler was provided by
CRT! during the pilot study may not be appropriate for disposal within the CDF and presented a potential
risk to worker safety and health. The financial implications on the treatment process are also potentially
significant as the only acceptable disposal method for such a waste may be off-site incineration.

Both lonics RCC and CRTI have made efforts to address these potential issues both during the pilot study.
and with their more recent efforts at CRTI’s research and development facility. These latter efforts were
done on their own volition and included solvent extraction of 330 pounds of Hot Spot sediment and
chemical destruction of the resulting oily extract. These test efforts were also overseen by an EPA
representative from EPA’s Office of National Risk Management Research Laboratory. According to CRTI,
the test equipment has been revised to include a conductivity probe which measures the reaction on a real-
time basis to prevent over-dosing with sodium.

Preliminary reports from CRTI indicate that the material transfer between the lonics RCC and CRTI
treatment units went smoothly and that the solid phase chemical destruction process was effective in
treating the PCBs in the oil extract. They also report that the waste reaction monitoring equipment operated
as designed and the CRTI treatment residuals would not present a disposal problem. It is important to note
that this information was verbally provided directly to Foster Wheeler and has yet to be independently
verified.

4.4.4.4 Jonics RCC/CRTI Hazards Review

This Hazards Review highlights the main areas of concern to ensure these issues are factored into the
overall evaluation of this technology. This review is conceptual in scope because there are no plans at this
time, for implementation and therefore, no detailed P&IDs, operating instructions, etc., exist that would
form the basis for an in-depth HAZOP review. Should implementation proceed at some time in the future,
an in-depth HAZOP review would be performed.

Solvent Extraction Process Overview

The main hazards associated with the solvent extraction process result from the use of solvent, in this
case, diisopropylamine. The primary concern with diisopropylamine is its flammability.
Diisopropylamine is a volatile, flammable liquid that can release vapors forming flammable mixtures in air
that are explosive when exposed to an ignition source. Its vapors are significantly heavier than air (over
three times) and can travel considerable distances along the ground to an ignition source, potentially
resulting in flashback. Additionally, incomplete combustion products may be toxic and should be avoided.

CRTI Process Overview

Anhydrous ammonia is used as a solvating medium for the creation of active electrons in the PCB
destruction vessel. This compound is immediately dangerous to life and health in airborne concentrations
greater than 300 ppm. It is irritating to the eyes, nose and throat at lower concentrations. Inhalation can
cause dyspnea, broncospasm, chest pain, and pulmonary edema. Contact with skin can cause burns and
vesiculation.

Sodium is an active metal source of electrons for the Solvate Electron PCB destruction process. It is used in
the PCB destruction vessel. Sodium metal is water reactive and reacts rapidly with moisture in air or tissues
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to form sodium hydroxide and sodium oxide. It can cause severe eye and skin burns from reactions to
sodium hydroxide. Effects may be permanent. Inhalation wilf cause irritation of the upper respiratory
passages with coughing and discomfort. Ingestion will cause abdominal discomfort characterized by
nausea, severe pain, diarrhea, and collapse. A sodium release would result in a high risk of ignition.

Hazards Analysis

Major issues of concern are the following:
- the hazards associated with release of the solvent, DIPA.
- the release of ammonia vapors

- the mishandling of sodium metal.

These issues are discussed in more detail below and are divided into physical, chemical hazards and
hazardous operating conditions.

Physical Hazards

The physical hazards that may be encountered include fire, noise, exposure to the cold, heat stress, sharp
surfaces, falling objects, lifting, electrical shock, and those associated with work near heavy and industrial
equipment. Should implementation of these processes proceed, the Site Safety Officer, or alternate
(SSO/alternate) would address activity-specific safety procedures to minimize the potential for injury
associated with these hazards during full-scale operations.

Fire Exposure - On-Site Fire

The active materials utilized in these processes pose significant fire potential and must be properly handled
and stored. Diisopropylamine has a flash point of -6°C, an autoignition temperature of 315°C and explosive
limits of 0.8% to 7.1%. The vapor pressure is such that vapor space above the liquid at ambient
temperatures could be in the explosive range in the event of misoperation. Ammonia is combustible and
can form explosive mixtures with air (15% to 25% ammonia). Sodium is flammable and dispersions in the
solvents become pyrophoric if the solvent evaporates, thus a leak of ammonia-sodium mixture would likely
ignite on exposure to air. '

Normal vents and pressure relief devices should discharge to atmosphere at least 15 feet above ground level
and downwind (prevailing wind) of processing equipment. CRTI equipment should conform to the safety
code for mechanical ammonia refrigeration (ANSI/ASHRAE 15-1989 or later) as a minimum.

[t is also noted that water is not a suitable fire fighting material for diisopropylamine or sodium fires.

Fire Exposure - Off-site Fire

The Confined Disposal Facility site is well isolated from surrounding development except for textile

manufacturing activity opposite the site on Sawyer Street. The road is narrow and is a dead end; traffic
appears rather low, limited to workers and deliveries to the manufacturing operations.
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The potential for fire radiation from a significant building or vehicle fire activating relief valves should be
considered in siting ammonia. diisopropylamine and other storage vessels or containcrs. Relief vents
should be elevated to promote dispersion.

Chemical Hazards

The following materials associated with the process are hazardous because of toxicity and/or flammability:

¢ Diisopropylamine (DIPA)

e  Ammonia

Sodium metal

Sodium hydroxide & sodium oxide

e In process materiais containing PCBs
e Other toxic organics in the sediment
e Heavy metals

Raw Material Storage

Hazardous materials on site should be strictly limited. DIPA, ammonia, and sodium each pose a fire hazard
and require segregated storage. Where possible, the proposed continuous recovery and recycling of these
materials is desirable to minimize the amount on the site. Stored materials should be in a segregated and
diked area. ANSI K61-1989 (Safety Requirements for the storage and handling of anhydrous ammonia)
requires containers of 500 to 2,000-gallon be located no closer than 25 feet to adjoining property or
highways. Since diisopropylamine is more flammable than ammonia its storage should be even more
remote from possible ignition sources.

DIPA

The potential hazards from diisopropylamine are mitigated by strict compliance with OSHA, NFPA 36 and
Fire Department regulations regarding the handling of flammable and hazardous substances. Also, a
limited amount of solvent would be in use at any one time in the full-scale system.

Engineering precautions also mitigate the potential hazard of the process solvent. The solvent flammability
is controlled through the use of a nitrogen blanket throughout the system and through the use of
instrumentation to detect any solvent leakage. A monitoring system would be installed with numerous
sensing points which detect solvent leakage from the system. Process instruments and controls also
contribute to safety and health protection by allowing operators to monitor the system and by supplying
automatic shutdowns for unsafe process conditions.

Ammonia

During normal operations, ammonia is vented in small amounts (estimated at 5 pounds per day) from the
scrubber system, which is included to vent non-condensable gases from the system. Operation of the SET®
pilot unit during the New Bedford treatability study demonstrated that ammonia emissions were not an
issue, and release of this relatively small amount of ammonia is well within EPA regulatory control limits
of 100 pounds per day reportable quantity. This ammonia release, through the L1200 negative pressure
vent system, will not result in ambient ammonia concentrations above 25 parts per million, the American
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Congress of Governmental Industrial Hygienists (ACGIH) established "no adverse effect” level for worker
exposure during a normal 40 hour work week. Workers near the equipment may notice occasional
ammonia odors (a human being can detect ammonia concentrations in air as low as 2 parts per million), but
these odors are not at a nuisance level and would not be detectable outside the fenced boundary.
As demonstrated during site operations, no off-site odors were noted, and workers within the fenced
boundary did not complain of ammonia odors.

The maximum inventory of anhydrous ammonia potentially subject to release by spill is 400 gallons, well
below normal quantities used for industrial refrigeration applications. Fumes from such a release would
require partial site evacuation; however, site personnel would be trained and capable of quickly covering
and recovering spilled material. Spills of significant amounts of liquid ammonia will remain liquid and
slowly evaporate because of auto-refrigeration. Proper spill response, in accordance with the Ammonia
Safety Training Institute guidelines, requires evacuation of personnel not involved in recovery operations,
and trained ammonia spill response personnel to monitor and contain released volumes. For the maximum
feasible spill (400 gallons), CRTI's bermed process area would be filled to less than 0.2 inches, and this
amount would evaporate in less than 8 hours. Evaporation is the preferred method of dealing with ammonia
volumes in open areas.

Sodium

Sodium would be stored in a fireproof vault and limited to seven 55-gallon drums; approximately a seven
day supply, which appears reasonable. The full-scale implementation proposed in the preceding
subsections suggests that drums be maintained in the liquid state at 115°C with one drum connected to the
process supply pump. Changing the supply drum appears to present the potential for operator exposure
and/or fire. Provision should be made for preservation of the nitrogen atmosphere above the in-service
drum. Provisions should be made to store as few drums in the liquid state as possible (less than four at any
one time).

A rigorous sodium handling system would be applied to prevent leaks of sodium and to prevent exposure of
sodium to moisture. These handling requirements are routinely in use in industries employing large
quantities of sodium. Handling requirements and safety features include nitrogen blankets, confined
storage, guarded double piping with conductivity leak detection between the inner and outer pipe, and
special fire fighting techniques. These techniques include soda ash blanketing of the burning material to
shut off oxygen supply, and preclude any possibility of adding water to the fire. For the proposed system,
the sodium inventory which could possibly be released is minimal because only one drum would be
connected to the L1200 reaction system at any time, and no more than 7 drums would be present on site at
any time.

In-Process Material

In-process material presents all of the hazards of the raw materials in addition to that of the toxicity of the
sediment contaminants. Operation of the premix tank and extractor/dryer in the batch mode requires
significant in-process material largely eliminating any benefit from continuous operation of the amine and
ammonia recovery systems and the PCB destruction reactor.

No data have been provided on details of extraction batch size or cycle time but 2,000 gallon storage
capacity (3 days supply for the destruction unit) for the organic extract is provided to permit continuing
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operation of the unit in the event the extraction unit is not operating. The hazards associated with storage ot
this quantity of material must be balanced against those posed by the shutting down and start-up of the
destruction unit.

Hazardous Operating Conditions

Hazardous Operating Conditions include equipment and process failures that would create operating
temperatures and pressures that could cause release of DIPA and/or ammonia. Sodium is highly reactive
and handling the quantities proposed poses the potential for a hazardous condition.

The flowrate and capacities specified indicate any piping or vessel failure in the nature of a rupture is likely
to result in a toxic atmosphere and/or difficult to control fire in the processing area with severe
consequences.

Processing failures such as the following do not appear to present any major hazard if detected within
reasonable time other than the discharge of incompletely remediated material and operating difficulties.

Amine decant operation fails to separate water
Incomplete drying of recycle ammonia
Incorrect ratio of sodium to oil

Excess quench water

The indicated design temperature for the CRT1 system is 120°C; at this temperature the vapor pressure of
ammonia is approximately 1,330 psig. The proposed design pressure is not stated. The proposed CRT1
continuous unit differs substantially from the batch unit utilized in the pilot test. It appears that the
proposed continuous unit is a pipe reactor utilizing static mixer sections for contacting the reactants;
controls and operating procedures used in the pilot test will not be generally applicable.

4.4.4.5 Estimated Treatment Costs

Treatment costs were estimated for solvent extraction and solid phase chemical destruction using input
provided by Ionics RCC/CRTI. The estimates were developed for 18,000 tons of Hot Spot sediment using
solvent extraction, and solid phase chemical destruction for the 423 tons of extract that would be generated
by the solvent extraction process. The estimated throughput of the solvent extraction system is 136 tons per
day based on an 85% on-line factor. This unit would be potentially capable of treating up to 160 tons per
day. However, it would be unrealistic to assume that the unit would not experience some down-time even
for routine maintenance. The estimated throughput for the chemical destruction unit is 3.2 tons of extract
per day based on a 80% on-line factor. The cost estimates provided by Ionics RCC/CRTI were adjusted
slightly by Foster Wheeler in some cases to reflect our experience in implementing innovative treatment
technologies at Superfund sites and our overall engineering judgment. It is important to keep in mind that
these are estimated costs for treatment only, and do not include the other costs that would be associated with
a cleanup including: design, procurement, site facilities, sediment removal from the CDF, handling of
treated materials and air monitoring.

Several major categories are included in the treatment costs: allocated capital costs such as design,
fabrication and testing; mobilization and demobilization costs; and the costs to treat the sediment including
labor, reagents, utilities, etc. The costs for solvent extraction (lonics RCC) and solid phase chemical
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destruction (CRTI) are presented in two forms. The first is an individual break-out of lonics RCC and
CRTI costs, separately. This is followed by a combined cost estimate that is represcntative of a complete
treatment scenario.

Estimated Ionics RCC Costs

The lonics RCC break-out includes the allocated capital equipment, mobilization costs, utilities, operating
labor and demobilization. Within each of the categories, additional details are also provided.

Capital Equipment

The estimated capital costs for a solvent extraction treatment unit capable of treating 160 tons per day with
an onstream factor of 85% results in effectively treating 136 tons per day. This size will facilitate
separation of the contaminated oils from the sediment in approximately 5 months. The major cost elements
of this system equipment, including design, component purchase, fabrication, and testing, are estimated as
follows: :

Solvent Extraction Plant Equipment $6,800,000
(including boilers, skids, and cooling tower)

Feed and Product Handling Equipment $850.000
Subtotal, Capital Equipment $7,650,000

Of these total capital costs, lonics RCC has estimated that they would allocate 100%, or the entire
$7,650,000, to the project.

Mobilization Costs

Mobilization of the equipment to the site, including installation of equipment and mobilization of personnel,
is estimated as follows. Mobilization is expected to take 10 weeks.

Installation of Solvent Extraction Plant Equipment $600,000

Installation of Feed and Product Handling Equipment  $150,000

Mobilization of Personnel $ 65,000

Foundations by others

Total Mobilization $815,000
Checkout/Startup Costs

Checkout and startup, including decontamination facilities, hiring, training, commissioning, and testing, are
estimated as follows.

Personnel and Small Equipment Decon Facility $ 30,000
Hiring and Training $ 50,000
Checkout, Commissioning, and Startup $250,000
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Testing $ 80.000

Laboratory by others
Permitting by others
Total Checkout/Startup $410,000

Reagents, Additives, and Utilitics

The following is a breakdown of the cost estimates for reagents, additives, and utilities. The total cost for
the 18,000 tons is estimated at $530,000. A per ton break-out of the various components is provided below.

Electrical Power $4.80/ton
Steam (by natural gas) $9.50/ton
Caustic (NaOH) $3.11/ton
Nitrogen $1.50/ton
Initial Solvent Fill $10.53/ton
Solvent Consumption negligible
Water and Sewer by others
Total Per Ton Cost $29.44/ton

Labor and Support Management

Operational costs are based on a 5 month schedule, working 24 hours per day and 7 days per week. A four
person crew per shift is required, with 1/2 hour overlaps in shifts, plus site manager, safety manager, and
clerk. This gives a total of 19 employees.

Assuming 44 hours per week, per employee, at an average cost of $55 per hour, this gives a labor operating
cost estimate of $52.44 per ton, or a tota) cost of $944,000.

Post Treatment of Products

The treated solids generated by the B.E.S.T.® solvent extraction process were found to pass the TCLP test
for metals contamination leaching. Therefore, costs for additional treatment of the treated solids prior to
disposal in the containment cell were not included. The water product effluent generated from solvent
extraction during the pilot scale study was essentially non-detect for PCBs. Therefore, only minimal water
treatment is assumed.

Demobilization Costs

Cost for demobilization including decontamination of the treatment equipment was estimated at $200,000.

Ionics RCC Cost Summary

A summary of the lonics RCC estimated treatment costs is provided in Table 4-23. Costs are included as
total costs of operation and as per ton treatment costs, assuming 18,000 tons of material because of the
relatively small amount of material to be treated, capital equipment, mobilization and demobilization
comprise the large majority of the treatment costs.
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Table 4-23
Ionics RCC Cost Estimates Summary

Category Cost Per Ton of Settlement Cost

Capital Equipment Costs $7,650,000 $425.00

Operational Costs

Mobilization $815,000 $45.28

Checkout/Startup $410,000 $22.78

Reagents, Additives, and Utilities $530,000 $29.44

Labor and Support Management $944,000 $52.44

Demobilization $200,000 $11.11
OPERATIONAL COSTS $2,899,000 $161.05

TOTAL RCC COSTS $10,549,000 $586.05

" The per ton costs only apply for treating exactly 18,000 tons of material. The treatment of material in
excess of 18,000 tons would be performed at an additional cost of $81.88 per ton. If less than 18,000
tons is treated, $81.88 per ton can be deducted from the total cost.

Estimated CRTI Cost Breakdown

The estimated cost for the CRTI to treat the oil extract that was separated from the Hot Spot sediment is
presented below. The estimated costs include allocated capital costs for design and fabrication of the
treatment unit; mobilization to the site; checkout/startup costs; operational costs including labor and

reagents; and finally, demobilization.

Capital Equipment

The major cost elements of this CRTI solid phase chemical destruction system, including design,
fabrication, and building, are listed below. The complete capital equipment cost is $1,350,000. This unit
would be designed with a 4 ton per day capacity and an estimated on-line factor of 80% to treat the 3.2 tons
of oily residue produced through separation.

Ammonia Recovery System
Dryer Package
Scrubber System

Product Oil Handling System
Continuous Reactor System

Design, Fabrication, Building

Ammonia Recovery Evaporator System

Waste Materials Handling, pH Adjustment System
Liquid Ammonia Handling System
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Of these total capital costs, 100%, or $1,350,000, would be included by CRTI as a direct cost to the project.

Mobilization to Site

Mobilization of the equipment to the site. including project documents, bonding, permitting, shipping,
installation, peripheral equipment, site office and laboratory. shelter structure, and testing, is estimated to
take approximately 6 weeks and cost $142,000.

Checkout/Startup

This activity is expected to take 4 weeks and have a cost of $77,000. The primary costs associated with this
activity are for site and home office related labor.

Reagents and Additives

Materials required include sodium and anhydrous ammonia. Small amounts of sulfuric acid are required for
the scrubber, as well as small quantities of solvent for cleanup. This gives a total cost of $368,000, or
$20.42 per ton of sediment, for all CRTI reagents and additives. This equates to $870 per ton of oily extract
treated by the CRTI process.

Labor and Support Management

Operational costs are based on a 5 month schedule, working 24 hours per day and 7 days per week. A two
person crew per shift is required, with one hour overlaps in shifts. This gives a total crew of eight. Two of
the total eight person crew will be trained to operate gas chromatography equipment. Cost elements include
labor, travel and living, procedures preparation, regulatory interface, project management, safety reviews,
consumables, laboratory analyses, and miscellaneous operational items. The total labor and support costs
are estimated to be $343,000, or $19.02 per ton of sediment. This equates to $811 per ton of oily extract
that is treated by the CRTI process.

Demobilization
The estimated cost to demobilize the CRTI treatment system, including decontamination and shipping to a
storage area, is $142,000. Consistent with the general approach for estimated treatment costs, foundation

demolition and site restoration are assumed to be performed by others.

CRTI Cost Summary

The summary of CRTI's estimated total cost are presented below in Table 4-24. Costs are presented as total
for the remediation effort and as per ton treatment costs based on treating 423 tons of extracted “oil” from a
sediment extraction process.
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Table 4-24
CRTTI's Cost Estimated Summary

Category Cost Per Ton of Oil Extract Cost
Capital Equipment Costs $1,350,000 $3.191.49
Operational Costs
Mobilization $142,000 $335.70
Checkout/Startup $£77.000 $182.03
Reagents, Additives, and Utilities $368.000 $869.98
Labor and Support Management $343,000 $810.87
Demobilization $142,000 $335.70
' CRTI OPERATIONAL COST $1,072,000 $2,534.28
TOTAL CRTI COSTS $2,422,000 $5,725.77
““The per ton costs only apply for treating exactly 423 tons of extracted material. The treatment of
material in excess of 423 tons would be performed at an additional cost of $1,680.85 per ton. If less than
423 tons is treated, $1,680.85 per ton can be deducted from the total cost.

Total RCC and CRTI Cost Summary

To evaluate the estimated total cost for treatment using a combination of solvent extraction and solid phase
chemical destruction, the results of the Ionics RCC and CRTI estimates are combined in Table 4-25. The
estimates include the total lonic RCC and CRTI fixed and operational cost, based on treatment of 18,000
tons of Hot Spot sediment.

Table 4-25
Total RCC and CRTI Cost Summary

PO LR :
'{ﬁgz"gﬁh" i FePL i

$9,000,000 $500.00

..... $7,650,000
Operational $2,899,000

$3,971,000 $220.61

$l'720 61'

$12 971 000

excess of 18,000 tons wou]d be performed at an addltnonal cost of $121.32 per ton. lfless than 18, 000 tons is treated,
$121.32 per ton can be deducted from the total cost.
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4.5 Geosafe Test Program

The Geosafe vitrification process was the second pilot study conducted on the Hot Spot sediment. This
process involved the pilot scale testing of vitrification by electrically heating and subsequently melting the
sediment, thus volatilizing or destroying the organic contaminants and immobilizing heavy metals within
the melt. Data from the pilot study indicated that the process immobilized metals during the melting
process. The resulting solid product was relatively inert and did not contain PCBs or other organics in
measurable concentrations. Results from the pilot study also indicated that significant concentrations of
PCBs, dioxins, and furans were essentially desorbed from the sediment during treatment. These organic
compounds required additional off-gas treatment prior to release to the atmosphere.

The following subsections describe the vitrification process, the pilot study test program, the effectiveness
of the process in treating the Hot Spot sediment, and potential full-scale application. Steps that would be
necessary to implement this technology at full scale were developed based on the pilot study results. These
are also discussed below. The Geosafe pilot study report summarizing the field work and Geosafe's
conclusions are included in the Data Compendium. TRC’s report on the off-gas sampling procedures
results and laboratory data from the Geosafe study are also included in the Data Compendium.

4.5.1 Process Description

Vitrification technology has been under development and testing by the Pacific Northwest Laboratories
Division of Battelle Memorial Institute (Battelle) since 1980. The process was originally developed for
possible application on soils contaminated with radioactive transuranic materials (i.e., plutonium,
americium, uranium), related refuse (i.e., wood, plastic, rubber, metal, cloth, cleaning chemicals, sealed
containers), and other process chemicals (i.e., nitrate, sulfate, fluorine, carbon tetrachloride,
tribromophenol). .

The Geosafe vitrification process is a patented, thermal treatment/immobilization technology for treatment
of hazardous materials, including PCBs, dioxin, pesticides/herbicides, other SVOCs and VOCs, metals,
inorganic compounds, and radionuclides. The vitrification technology involves electrically melting
contaminated media where the material has been placed for treatment. Figure 4-13 illustrates the overall
vitrification application system. Electrodes are initially placed only a short distance into the media to be
treated. A graphite starter path is used between the electrodes to carry the initial current and to cause the
adjacent surface media to melt. Once the typically earthen media becomes molten, it becomes electrically
conductive and becomes the primary current carrying element for further processing.

The high operating temperature destroys and removes hazardous organic materials through pyrolysis (i.e.,
thermal destruction of the organic compounds in the absence of oxygen). The temperature is also
sufficiently high to cause inorganic compounds to break down or otherwise enter into chemical reactions
with other materials present in the material. Those materials that are not sufficiently volatile to evaporate
from the melt during processing are permanently incorporated (immobilized) into the residual product
through chemical and physical incorporation into the glass-like solid structure. The residual product
resulting from the vitrification process is a glass-like solid similar to volcanic rock, that exhibits
structural and weathering properties capable of enduring long term environmental exposure. Off-gases
from the treatment are treated to ensure air emissions comply with regulatory standards.
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4.5.2 Geosafe Test Proeram Elements

The Geosafe pilot study test program is described in this section. The test program included two batches
using a large scale pilot treatment system capable of holding approximately 2,000 pounds of sediment.
The test program was originally envisioned to occur over a two week period but was later extended over
a two mouth period due to difficulties encountered in the field. Some of the difficulties encountered
during the first batch included the overloading of the gas sampling trains with particulate, stack gas
concentrations approaching the lower explosive limit (LEL) and recurring difficulties with gas flow
through the activated carbon filters used for off-gas treatment. Rapid turnaround laboratory resulits from
key off-gas sampling locations confirmed that the process was releasing significantly elevated
concentrations of PCBs, dioxins, and furans in the off-gas. These conditions were not anticipated at the
onset of testing and the off-gas treatment system was not designed to adequately address such elevated
concentrations.

The time between batches was used by Geosafe to design, procure, and implement an off-gas treatment
system that could treat off-gas within the “worst case” concentration of contaminants identified during
batch #1. Results from batch #2 had similar off-gas results suggesting that the problems encountered
during the pilot test are intrinsically related to the Hot Spot sediment matrix and indicating that the
process will require significant additional modification and testing before it can be considered for full-
scale implementation. Additional detail on the pilot study testing results and the implications for future
Hot Spot applications are discussed in the following subsections.

The major elements of this section include a discussion of the overall test program schedule, the Geosafe
pilot study test equipment and operations, and the sampling and analytical chemistry program that was
used to gather data to evaluate the effectiveness of the process. A discussion of the testing results is
provided in Section 4.5.3.

4.5.2.1 Actual Test Program Schedule

The Geosafe test program consisted of two treatment batches using a test vessel that held approximately
2,000 pounds of wet Hot Spot sediment. The original plan was to use sediments that had been somewhat
dewatered through gravity settling for Batch #1 and sediments (not dewatered) for Batch #2. This plan was
ultimately modified in the field following Batch #1 as a result of problems experienced by Geosafe.
Accordingly, the sediments for Batch #2 had some of the free standing water removed from the surface of
the test container and as a result, the two batches were quite similar, with the exception of the off-gas
treatment systems. Geosafe substantially modified the off-gas treatment system based on the difficulties
experienced during Batch #1. These problems appear to have been moisture related and are described in
detail below.

Following the period of installation of the test vessels and off-gas treatment equipment, and subsequent
filling of the test vessels with sediment, Geosafe initiated Batch #1 at approximately 10:00 a.m. on July 20,
1996. The test program was run for approximately 34 hours out of the planned 48 hour melt period. Due to
significant concerns with vitrification operations, the associated impact on the effectiveness of the off-gas
treatment system and the potential atmospheric release of contaminants, the first batch was termianted early
and the second batch was postponed for two months.
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Over the two month postponement period EPA, the state, and other members of the forum group discussed
the possibility of conducting the second batch provided that Geosafe modify their operating parameters and
upgrade their off-gas treatment system. Geosafe agreed to implement changes to the amount of clean soil
placed on top of the sediment to be vitrified and added several components to the off-gas treatment system
including a venturi scrubber. larger carbon canisters and a thermal oxidizer. With the modifications in
place, Geosafe started Batch #2 on August 26, 1996 with the intent to conduct melting activities for a 48
hour period. This batch was halted by Foster Wheeler after 22 hours because many of the same process
difficulties experienced during Batch #1 were still occurring. In addition, the potential for explosion within
the treatiment vessel had reached a level where concern for worker safety and health mandated the test be
stopped. The overall test program schedule is presented in Table 4-26.

Table 4-26
Geosafe Pilot Test Program Schedule

. Dater it TeStDay: g 1o
7/20/96 i 1 Test started at 0955 hr
7/21/96 2 Test completed 34 hrs later
7/22/96 through 8/25/96 - Off-gas treatment system was revised

Test:Description: ~

8/26/96 3 #2 Test started at 1658 hrs
8/27/96 4 #2 Test completed 22 hrs later

4.5.2.2 Pilot Scale Test Equipment

A photograph of the pilot scale unit is included in Exhibit 4-7. An illustration of the configuration of the
pilot scale unit is included as Figure 4-14. The system consists of a power supply, a test waste container, a
containment box, an off-gas treatment and water collection system, and a data monitoring and storage
system. The power system utilizes a 30 kW Scott-Tee transformer for converting three phase primary input
power to a balanced two phase secondary output. The transformer is equipped with 12 voltage taps and two
silicon controlled rectifiers on the secondary side for controlling the power input to the melt. Transformer
output is monitored via metering on the secondary output to the electrodes for power, amperage, and
voltage. Power connections for this test were supplied by the local utility service.

The test container was used to hold the contaminated sediment during the study and was placed inside the
containment box. The containment box is constructed of carbon steel and is fitted with ports for air inlet,
off-gas removal, instrumentation, and electrode feeding. In addition, the containment box has a view port
so the melt can be observed during testing,.

The system is equipped with movable electrodes to allow gravity or controlled feeding during processing.
The feeders are equipped with air grippers to provide the capability to drive, or hold, the electrodes
depending upon the operating conditions that exist.

The off-gas treatment system for the pilot scale system was designed to facilitate acquisition of off-gas
samples from the melt and to provide nominal off-gas treatment. It was not designed to emulate the
performance of the off-gas treatment system used during full-scale operations. The treatability test
off-gas sampling system for batch #1 consisted of a section of stainless steel pipe equipped with three
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Exhibit 4-7
Geosafe Pilot Scale Treatment Unit

sampling ports. The off-gas treatment system included two parallel, single-pass shell and tube heat
exchangers to cool the off-gas. Liquids that condensed from cooling of the off-gas were collected in a tank
immediately downstream of the condensers. The off-gases continued through a filter system containing a
desiccant to remove moisture, and a granular activated carbon filter to remove particulate and organic
vapors that may have been released from the sediments. The off-gases were then routed through the blower
to the exit sampling port and out the stack.

Batch #2 employed an enhanced off-gas treatment system. The enhancements included the addition of a
scrubber equipped with caustic addition capability, a larger blower, a particulate roughing filter, a two-stage
venturi vapor phase carbon filter, and a thermal oxidizer. Additional sampling ports were also incorporated
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into the off-gas system design. Figure 4-15 shows the treatability test setup for Batch #2. The
enhancements to the off-gas treatment system were incorporated into the second test to reduce the
possibility of potential contaminant release during treatability testing. The decision to incorporate the
modifications to the off-gas system was determined based on ficld observations and preliminary air
sampling performed during the first treatability test. This is discussed further in Section 4.5.3, Effectiveness
Evaluation.

The temperature of the melt and the off-gas were monitored via a temperature recorder. A Leeds and
Northrup 25000 data fogger recorded temperatures of the soils surrounding the molten area, the molten
mass, and the off-gas at various locations every 5 minutes.

4.5.2.3 Test Setup and Operation

The pilot scale treatability tests were conducted in Geosafe's pilot scale treatability test containers.
One container was used for each of two batches. The containers are cylindrical carbon steel and measure 50
inches in diameter and 60 inches in height. Before the waste was placed into the test containers, 14 type K
thermocouples (TCs) were placed vertically in the center of each test container. The TC arrays were
incremented every 3 inches to achieve a total monitoring interval of 42 inches. The vertical array was used
to monitor the depth of the melt. Another array of 7 type K thermocouples were placed laterally 20 inches
below the top vertical thermocouple to monitor the width of the melt and also to provide post-test sampling
isotherm locations in the surrounding soil. The lateral thermocouple array extended horizontally from the
electrode plane out 21 inches toward the edge of the test container in 3 inch increments. After
thermocouple placement, the sediment was staged by pouring the wet sediment materials into the test
container.

Contaminated sediment was placed into the containers so that the surface of the sediment was at the same
level as that of the uppermost thermocouple (TC#1). For the first batch, the sediment surface remained at
that level until the test was initiated. However, the second batch was dewatered during the 5-week period
between filling the container and performing the test. Accordingly, the level of sediment was lower for the
second test. After removing the water from the second container, it was determined that the sediment had
subsided 4 inches. Therefore, the uppermost two thermocouples (TCs #1 and #2) were positioned 5 inches
and 1 inch above the sediment surface, respectively. '

To monitor the melt temperature, type C thermocouples were placed at the 20 inch depth in each test
container. A type C thermocouple is capable of reading temperatures up to 2,400°C. At melt temperatures
of 1,600-2,000°C, the molybdenum sheath oxidizes quickly; therefore, to prolong the service life of the type
C thermocouples, alumina sheaths were placed over the thermocouples.
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Batch #1 Configuration

Following waste loading, the test container for batch #1 was prepared for testing. This involved placing a
plastic sheet barrier on top of the sediment followed by a layer of clean soil for test startup. The clean soil
layer was intended to prevent contaminated material from coming in contact with air during the melt. Clean
dry soil was used for starting the vitrification process and the plastic sheet was required in this test to
prevent water from saturating the dry cover soil before the melt could be initiated. Also, the sediment was
so fluid, the plastic barrier provided some buoyancy to prevent the cover soil from sinking into the
sediment. The cover soil for Batch #1 was spread over the sediment to a depth of | inch around the
perimeter of the test container and was mounded in the vicinity of the electrodes to a depth of 4 inches. The
mounding provided extra cover soil to enable a smooth startup procedure.

Once preparation of the test container was complete and after it was placed into the containment box, the
electrodes were buried into the soil to a depth of 3 inches. The starter path (a mixture of graphite flake and
glass frit) was then placed in a | inch thick "X and square" pattern to provide a conductive pathway between
the electrodes. The photograph in Exhibit 4-8 shows the starter path configuration.

Exhibit 4-8
Starter Path Configuration

The zone to be vitrified was covered with a 2 inch thick layer Kaowool insulation blanket leaving small
gaps around the electrodes for venting. The insulation was intended to promote subsidence of the molten
zone and improve the efficiency of the process and is also used in large scale operations. With the starter
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path laid and the msulation in place, a final check of the instrumentation was conducted and the
containment hood sealed in preparation for testing,.

Batch #1 Operation

Batch #1 was conducted on July 20-21, 1996. Power to the electrodes was initiated at 0955 hr on July 20.
Power input was normal and stable up to the target operating level of 25 kW, which was achieved in
approximately 3 hours. The vitrification process proceeded to the target depth of 31.5 inches as indicated
by a >1,000°C centerline temperature reading just below that depth. The total test duration with power
applied was 34 hours.

A total of 785 kWhr of energy was consumed during the batch #1 melt. The test was terminated at a depth
of 31.5 inches after 34 hours of operation. Approximately 700 ibs. of melt was produced during batch #1.
The power, voltage, and amperage data are detailed in the Geosafe report (Data Compendium). The

average power during melt operations was approximately 24 kW. The complete record of power use during
batch #1 is contained in the Geosafe report.

The power input, and thus the energy, is controlled based on transformer meter readings to provide an
accurate scaledown of power density from the large scale system operating levels. Power density is defined
as PD = P/A; where PD is power density (kW/ftZ), P is the power level (kW), and A is the surface area (ft2)
of the vitrification zone (area of the plane between the four electrodes). The normal power density of the
large scale system is in the range of 11.5-28 kW/ft2, which is based on a maximum power supply of 3,750
kW and an electrode separation of 11.5 feet to 18 feet (132 fi2 to 324 fi2). The average power level of this
test was 24 kW, and the estimated surface area of the melt was approximately 225 in2 or 1.56 ft2. This
yields a power density of 15.38 kW/ft2 which is expected to be generally consistent with large scale
operations.

The melt resistance for batch #1 was typical of vitrification operations. The resistance begins to increase as
the material transitions from the starter path to the melting of surrounding material. As the melt becomes
larger, incorporating more material, the resistance gradually decreases over the duration of the melt. The
data show fluctuations in the containment vessel vacuum during the test. These may be attributable to
system plugging, possibly due to particulate generation and influences from sampling periods. The peak
melt temperature (measured by a type C thermocouple) was 1,665°C. Raw thermocouple data is provided
in the Geosafe report included in the Data Compendium.

A molten surface was formed once the starter path was consumed. The surface of the melt was observed to
be bubbling vigorously as the water in the sediment was vaporized into the plenum of head space region of
the containment vessel. As melting continued, particulate (dust) coated the inside surface of the viewing
window obscuring direct visual observation of the melt. It is expected that the vigorous bubbling continued
for the duration of the test.

Off-gas sampling for batch #1 was conducted periodically during the test period in an attempt to obtain
samples representative of the melt duration (i.e., beginning, middle, and end). Sampling was initiated 2
hours after the test was started and conducted until 4 hours after power was terminated.

A relatively linear melt rate was achieved after startup with the melt rate slowing down later in the test.
This is due to the fact that, as the melt gets larger, a larger percentage of the total of energy is consumed in
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scnerating lateral growth and an increasing amount of energy is lost to heating the surrounding soil. During
a large scale melt, the power to the melt can be increased to partially compensate for the increased heat loss.
However, this test was performed at maximum output for the transformer and thus a turther increase in
power could not be made. The 31.5 inch depth was reached in a time of 34 hours resulting in an average
melt rate of 0.93 inch/hour. This melt rate was slower than expected and was attributed to the high
concentration of water in the sediment. Power was terminated at 2000 hours on July 21.

Batch #2 Configuration

The data collected from batch #1 prompted Geosafe to change the configuration and to enhance the off-gas
treatment system for batch #2 with a thermal oxidizing unit. The specific reasons for these changes are
discussed below. The batch #2 configuration was similar to the batch #1 configuration but included extra
cover soil (10 inch depth) and extra Kaowool insulation to cover the entire surface inside the test container.
The extra cover soil and insulation were added in an attempt to reduce the amount of particulate generated
by the process.

In addition to the extra soil and insulation, the batch #2 container was allowed to sit undisturbed for 5 weeks
prior to the test being initiated. Following the 5-week period, water had accumulated at the surface of the
contaminated sediment. Approximately 70 gallons of water were decanted prior to the test. The water was
removed to reduce the amount of steam generated during the test which, in turn, would help reduce the
quantity of particulate.

Batch #2 Operation

Batch #2 incorporated an enhanced off-gas treatment system, and was conducted on August 26-27, 1996.
Power to the electrodes was initiated at 1658 hours on August 26, after a thorough operational check of the
off-gas system. The melt objective for batch #2 was a target depth of 33 inches. Due to high particulate
and organic vapor readings identified during the batch sampling, the melt was terminated at 1503 hours on
August 27, 1996. The total test duration was approximately 22 hours, and 20 inches of melt depth was
achieved during this time.

A total of 522 kWhr of energy was consumed during the batch #2 melt. The average power during melt
operations was 24 kW. Power level was decreased in the latter stages of the melt in an attempt to address
the particulate and organic vapor problems experienced during the test. The estimated surface area of the
melt was approximately 225 inZ or 1.56 ft2; this yields a power density of 15.38 kW/ftZ, which is expected
to be consistent with large scale operations.

The melt resistance for batch #2 was typical of vitrification operations. The resistance increased as the melt
transitioned from starter path to the melting of surrounding material. As the melt became larger,
incorporating more material, the resistance gradually decreased over the duration of the melt. The
containment vessel vacuum data show fluctuations attributable to system plugging possibly due to
particulate generation and flow influences from sampling periods. Fluctuations prior to melt termination
were due to efforts to reduce the organic vapor and particulate generation problems experienced during this
test. The peak melt temperature for batch #2, as measured by a type C thermocouple, was not obtained
because the melt did not progress deeply enough to contact the type C thermocouple.
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A molten surface was formed once the starter path was consumed. The surface of the melt was not
observed to be bubbling as vigorously as during batch #1. A considerable amount of particulate generation
was observed during the meit and during post-test evaluations, especially during processing ot the wet
sediment.

A relatively linear melt rate was achieved after startup of batch #2. The test was prematurely concluded
after twenty-two hours due to high particulate and organic vapor levels in the off-gas. A melt depth of
approximately 22 inches was achieved during this time, while maintaining an average melt rate of
0.9 inches/hour. Similar to batch #1, the slower than anticipated melt rate of batch #2 was attributed to the
high concentration of water in the sediment. Power was terminated at 1500 hrs on August 27, 1996.

4.5.2.4 Sampling and Analysis Program

Sampling locations and the respective analyses are illustrated on the process flow diagram included as
Figure 4-15. Additional information in the analytical program and the associated quality control procedures
are discussed in Section 4.3. As shown in the flow diagram (Figure 4-15), samples were collected of feed
material (S1) and the vitrified, glass-like solid (S3) to evaluate the overall effectiveness of the vitrification
process. The vitrified product was very similar to a solid rock or glass and was analyzed for a limited
number of analyses. The vitrified rock was pulverized to pass through a 40 mesh sieve prior to analysis in
order to better evaluate the contaminants entrained in the glass-like matrix.

In addition to sampling the treated product, samples were collected of the dry fine sediment adjacent (S4A)
to and beneath (S4B) the vitrified block. Samples were collected approximately one inch and 3.5 inches
from the block. The purpose of this sampling was to evaluate the changes in chemical concentration and
composition during the treatment process.

Samples of vent gas aqueous condensate (S6) were collected from several locations in the vent gas
treatment process to measure the disposition of contaminants throughout. Samples were collected from the
untreated process vent gas (SS5), from the vent gas following condensate collection and treatment with
activated charcoal (87), and from the thermal oxidizer off-gas (§10). The thermal oxidizer vent gas (S10)
was released to the atmosphere. Vent gas samples were collected by TRC Environmental using EPA
approved methods. Additional detail on the sampling is provided in TRC’s report included in the Data
Compendium.

The thermal oxidizer unit added as part of the Batch #2 emissions control system was a commercially
available unit with conventional sampling ports designed to accommodate typical stack gas sampling
equipment. Such sampling equipment is used to measure flow rate, temperature, moisture and other
parameters within the stack. Using this stack data and the sample collection data (i.e., collection flow rate
and time), sample results can be used to calculate an accurate measure of stack and, therefore, emissions
concentrations. In order for the calculation to accurately represent the flow or concentration inside of the
stack, the stack width must be large enough to accommodate the sampling equipment within causing eddies
and currents in the stack flow. The stack sampling methods include strict minimum requirements for the
width and length of the stack relative to the sampling ports and other sources of disturbance. Meeting these
minimum requirements and measuring the stack and sample flow rates to ensure that the collected sample is
representative of the stack gas stream is referred to as isokinetic sampling.
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Sampling ports on the thermal oxidizer off-gas were conventional stack gas sampling ports and couid be
sampled isokinetically. Data collected from this location is most likely to be representative of stack
emissions. Due to equipment limitations, vent gas locations S5 and S7 could not be sampled isokinetically.
The overall impact of the sampling limitations to the use of the vent gas data is discussed in the following
section. Additional detail on the vent gas sampling limitations is provided in the TRC sampling report
included in the Data Compendium.

Samples were also collected of the Kaowool cover material and the activated charcoal from the vent gas
treatment system, in the event that this data were needed to determine the overall disposition of

contaminants.

4.5.3 Geosafe Effectiveness Evaluation

The overall effectiveness of the Geosafe process including overall process performance and material
balances is discussed in this section. Process performance is discussed in terms of analytical and field
measurement results.

The Geosafe pilot scale testing identified some significant matrix related difficulties during batch #1. These
difficulties and the corrective actions taken for batch #2 are discussed in the following subsections. In
summary, the high moisture content and fine grained nature of the sediment resulted in a high level of
particulate and organics being volatilized in the off-gas vent stream. As was done for the other pilot tests,
batch #1 was considered an optimization batch, and was not used in the overall process evaluation. Where
batch #1 information is pertinent and useful, it is discussed in the following subsections. For overall
evaluation purposes, only data from batch #2 are discussed.

The pilot study resulted in a glassy rock-like monolith that experienced temperatures above organic
destruction temperatures for sustained periods of time (hours). For this reason, organic contamination is
typically not detected in the silicate vitrification product. The soil immediately adjacent to the vitrified
mass also experienced sustained high temperatures.

During the first Geosafe batch, some significant difficuities with the process were identified that appeared
to be related to the Hot Spot sediment matrix. During the pilot test, elevated concentrations of organic
compounds including PCBs, dioxins and furans were released in the off-gas. Geosafe hypothesizes that the
high organic concentrations were the direct result of the combination of the high moisture content and the
fine grained nature of the sediment as discussed below.

1. The fine-grained nature of the contaminated sediment and its lack of cohesiveness in the dry state
made it readily mobile. Consequently, even a small degree of agitation of dry sediment would
result in airborne dispersal. As the melt progressed outward, the water in the sediment boiled and
evaporated, leaving dry sediment that was subsequently melted. The boiling and evaporating of the
water created turbulence resulting in a high amount of particulates becoming airborne above the
sediment.

2. The high moisture content of the contaminated sediment resulted in significant rates of steam
production during processing. The high rate of steam production coupled with the fine particulate
nature of the dry sediment resulted in significant agitation and fluidization of the sediment within
the test container. This energetic steam generation resulted in airborne dispersal of sediment within
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the test container. The airborne sediment had increased in temperature but had not yet melted. The
release of hot, untreated sediment in the form of fine particulate into the test container caused the
presence of elevated levels of organic compounds including PCBs, dioxing and furans in the
off-gas.

The elevated particulate levels in the off-gas were immediately identified by the stack gas sampling tcam, as
the particulate collection filters became too clogged to draw sample in less than one hour. The field team
quickly determined that the proposed vent gas sampling program was not feasible due to the high level of
particulate. The sampling team also observed greenish fluid, apparently hydrochloric acid, at the sampling
ports, and a sulfur odor attributed to hydrogen sulfide near the off-gas sampling ports. Rapid turnaround
laboratory results confirmed that the off-gas contained elevated concentrations of PCBs, dioxins, and
furans.

The high particulate concentration created a challenge for the small scale off-gas treatment system that was
used for batch #1. This system included a heat exchanger, condensate knock-out box, desiccant filter, and
two small activated carbon chambers. It is important to note that this system was not designed to deal with
high particulate loading. The data collected during batch #! confirmed that this system was not effective in
addressing the high particulate loading.

Because of the difficulties encountered with batch #1, significant changes were implemented in the
technical approach to the second test. These changes included the addition of a wet venturi scrubber with
caustic solution to remove particulate and hydrogen sulfide, and to neutralize the hydrochloric acid. A
particulate filter was added downstream of the condensate collection tank. Also, two vapor phase carbon
canisters each containing 180 Ibs. of activated carbon were connected in series. A blower was also added to
accommodate the pressure drop of the enhanced off-gas system. To ensure that organic contaminants were
not released to the atmosphere in unacceptable concentrations, a propane-fired, Sur-lite thermal oxidizer
was connected to the off-gas treatment system.

The configuration within the test container was also modified to help minimize the production of
particulate. These changes included:

1. Placement of 8 to 12 inches of clean cover soil over the entire surface of contaminated sediment.
The additional cover soil was expected to help prevent fluidization of the sediment and act as a
particulate filter to prevent contaminated sediment particles from being mobilized. This cover soil
was separated from the sediment by a plastic sheet to prevent the cover soil from becoming
partially saturated with water. This plastic sheet was also expected to help prevent movement of
particulate away from the contaminated zone.

2. Placement of a layer of Kaowool over the entire surface of cover soil. The Kaowool acts as a
particulate filter to help keep the particulate below the soil surface and out of the off-gas stream.

These corrective actions were only partially successful in mitigating the operational problems. Similar
problems with elevated particulate levels and organic emissions were observed on a slightly lesser scale
during batch #2. Accordingly, batch #2 was also terminated early. As mentioned above, the difficulties
encountered during batch #1 and the subsequent modifications were substantive enough that batch #1 was
not used to further evaluate the vitrification process. Batch #2 was used in the overall evaluation discussed
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below. Analytical and field data that provide a quantitative measurement of the cffectiveness of the
vitrification process are presented and discussed in the following subsections.

4.5.3.1 Analytical Results

Resuits from key sampling locations are summarized and discussed in this section for the purpose of
quantitatively assessing the vitrification pilot scale performance. A more complete data set. including batch
#1 results is included in the Geosafe report included in the Data Compendium. The TRC sampling report
and laboratory results are also included in the Data Compendium. A discussion of the laboratory methods
and associated quality control is included in Section 4.3.

Feed Sediment (S1) and Vitrified Product (S3) Results

A physical and chemical characterization of the Hot Spot sediment is discussed in Section 2.0. As
discussed in Section 2.0, the concentrations of PCBs in the Geosafe feed material were generally lower than
the expected average Hot Spot concentrations. Concentrations detected in the test feed material were used
to evaluate the pilot study performance. The higher concentration results from the third pilot study are
expected to be more representative of the CDF sediment and are used for the full-scale applications analysis
discussed in Section 4.5.4, '

The vitrified material was allowed to cool for three days prior to removing it from the test container. Once
the vitrified block was removed, it was steam cleaned and then broken open with a sledge hammer.
Samples were selected at random from the broken pieces. Pieces were selected that were not in contact
with the outside boundary (fusion zone) of the vitrified mass. The fusion zone was in contact with un-
vitrified soil that might have contaminated the vitrified product sample.

PCB concentrations in the initial Hot Spot sediment averaged 2,085 ppm (measured as Aroclors). PCBs
were not detected in the vitrified glass-like product.

A summary of feed sediment and treated materials TCLP data is given in Table 4-27. The mobility of
cadmium, chromium, and lead was reduced by the vitrification. The results for the other TCLP metals do
not appear to be significantly different for the untreated and treated material. This appears to be a function
of the relatively low concentrations in the initial feed sediment. Note that no heavy metals exceeded TCLP
regulatory criteria in the initial Hot Spot sediment (Section 2.2).
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Table 4-27
Summary of Feed Sediment (S1) and Vitrified Product (§3) TCLP Metals Results

: TCLP Average Feed Average
TCLP Analyte | Regulatory Limit :  Concentration @ Vitrified Product
Arsenic 5,000 17 5.37
Barium 100,000 264 329
Cadmium 1,000 43.6 ND
Chromium 5,000 71.7 14.3
Lead 5,000 694 14.4
Mercury 200 ND 0.24
Selenium 1,000 4.1 8.9
Silver 5,000 ND ND
Results are reported in units of ug/L
ND - Not Detected

Vitrified product results indicate that the glass-like matrix is essentially inert, and would not release
significant concentrations of organics or metals to the environment should it be left in place on-site.

Sediment Adjacent (S4A) to and Beneath (S4B) the Vitrified Block

Sampling of the soil adjacent to (S4A) and beneath (S4B) the melt was performed by collecting samples
from two regions adjacent to and beneath the vitrified product. Samples were collected from the zone that
reached maximum temperatures of 100°C and from the zone that reached temperatures between 300 and
400°C. These regions were determined from thermocouple data to be 1.5 inches (300-400°C) and 3.5
inches (100°C) from the vitrified mass, respectively.

The samples were collected after removing the cover soil from the test container. An 18-inch long stainless
steel tube (1 inch diameter) was pounded in vertically at various locations 1.5 inches and 3.5 inches from
the melt. Enough core samples were collected to ensure that an adequate quantity of material was available
for analysis. - The tubes were driven in at each sample location and then they were capped with tape to
ensure that no contaminated material from additional coring or digging operations would fall into the tubes.
The soil surrounding the sample columns was then removed, which permitted the removal of the sample
columns. The sample columns from each of the thermal regions were then transferred onto a clean plastic
liner and composited. Three composite samples were collected: two adjacent to the vitrified mass and one
beneath. The target thermal regions for the adjacent samples were the one inch (300-400°C) and 3.5 inches
(100°C) from the block and the beneath sample represented the 100°C (3.5 inch) region.

Samples were collected to evaluate the treatment process prior to the actual melting. The data were used to
assess whether PCBs were treated or volatilized during the heating process prior to actual vitrification. Data
were also used to assess the behavior of metals during the process.

Table 4-28 summarizes the analytical results for the sediment collected from adjacent to and beneath the
vitrified block. Results are the average of batches #1 and #2 which provided similar results. These samples
were dry, fine grained and powdery. No evidence of melting was observed in the portions of adjacent
materials collected for analysis. The results summarized in Table 4-28 indicate that the concentration of
PCBs was reduced in the zones adjacent to the melt. The concentration of metals in the zone next to the
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melt remained approximately the same, although the lead data indicate that this morc volatile metal may
have been desorbed and recondensed in the 3.5 inch zone. Mercury data suggests that the relatively small
amounts of this metal were also volatilized during the vitrification process.

Table 4-28
Results for Sediment Collected Adjacent to and Beneath the Melt

Analyte Feed - Adjacent:i - Adjacent |  Beneath
(mg/‘k‘g) . Sediment (Linch)-::i:i ‘(3.5inches) @ (3.5 inches)
Total PCBs : 2,085 64 750 f410
Mercury P10 : 0.08 0.05 0.28
Lead : 418 396 809 . 864
Cadmium 70 : 6.9 14 7.8

Arsenic L 50 5.0 6.5 4.9

The New Bedford treatability tests resulted in adjacent soil contaminant concentrations that are consistent
with Geosafe’s past vitrification tests. Samples taken three inches away from the vitrified mass had
relatively low levels of contamination. PCB levels in the samples collected one inch away from the melt
were reduced by 80 to 90%. These data suggest that the PCBs are removed during the heating process,
prior to melting. The off-gas sample results (see below) also suggest that a significant portion of the
organic contaminants were desorbed rather than destroyed during the vitrification process.

Off-Gas Analysis

The vitrification treatability test system was designed to simulate waste melting conditions at full-scale.
The off-gas sampling and treatment system was designed to facilitate characterization of the off-gas for the
purposes of designing full-scale needs. The data gathered from off-gas system sampling during testing was
used to assess system performance, control emissions, and facilitate full-scale off-gas treatment system
design.

Gas samples were collected during two segments of batch #2. Due to the high organic vapor and particulate
concentrations measured during batch #2, and the subsequent stoppage of the test, the second sampling
duration was shortened considerably. Gas samples were taken at four locations in the off-gas system.
Samples were collected at the following locations:

The inlet port of the test container (S2)

Untreated gas exiting the test container (S5)

Gas exiting from the condensate collection tank and carbon bed (S7)
Gas exiting the thermal oxidizer unit (S10)

Sampling locations are illustrated in Figure 4-15. Sampling methodologies and detailed results are provided
in the TRC report included in the Data Compendium. Analytical methods are discussed in Section 4.3.

Back pressure difficulties appeared to interfere with the collection of samples at S2 and other sampling
related difficulties prevented the collection of isokinetic sampling at locations S5 (system off-gas) and S7
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(carbon treatment inlet). Sampling at location S10 (post thermal oxidizer) was conducted isokinetically in
accordance with EPA approved methodology. For performance assessment purposes, only the vitrification
off-gas (55) and the thermal oxidizer off-gas (S10) are discussed in this section. Results from S7 and S10
were fairly similar. Due to the potential error associated with the S7 location, this data was not considered
useful for comparison with the more accurate S10 data. Similar sampling difficulties were noted for the S5
location. However, these data indicate elevated concentrations of contaminants at this location and are
useful in an overall effectiveness evaluation, provided that the user consider the inherent inaccuracies in the
data. The Geosafe report, included in the Data Compendium, summarizes the various vent gas samples in
more detail.

A summary of the masses of kev organic constituent at various points is given in Table 4-29. Calculations
for the sediment mass are based on the masses in the various treatment zones given in Section 4.5.3.2. The
mass of contaminant removed from sediment was calculated as the contaminant concentration muitiplied by
the treated mass including the mass of the adjacent and beneath zones (see Section 4.5.3.2) corrected for the
concentration remaining in the adjacent and beneath zones. Vent gas data were taken from the TRC report
included in the Data Compendium. Sediment PCB data are provided for both Aroclors and isomers for
comparison purposes, as the different analyses provide slightly different results (see Section 4.3 for
additional discussion on the analytical methods). Air samples were analyzed for PCBs using the isomer
method only. Similarly, data for dioxins and furans are given for total mass and for 2,3,7,8-TCDD
equivalents.

Table 4-29 also includes a measure of overall process destruction/removal efficiency. Determination of the
DRE is as follows (40 CFR 1991):

where: Win = (mass in untreated sediment) - (mass remaining in treated sediment)
Wout = mass at the thermal oxidizer outlet (S10).

Table 4-29
Summary of Masses for Organic Contaminants

PCB - Aroclor (mg) L 654,995 376,704 61.9 99.9905
PCB - Isomer (mg) L 1417427 342,397 | 61.9 99.9956
PCDD/PCDF (ng) . 8,902,801 . 89,400,000 | 493,000 94.4624
PCDD/PCDF - tox eq (ng) | 266,822 L 1,600,000 i 8,690 96.7431

The DRE equation is a measure of the overall effectiveness of the melting process in conjunction with the
off-gas treatment system. The sediment masses used for the DRE calculation are given in Section 4.5.3.2.
Results from the one inch and 3.5 inch treatment zone were used in the calculation in an effort to consider
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partial treatment of the sediment in these zones, with the reasonable assumption that the process was
capable of treating all sediment to an inert (non-detect) glass-like solid.

The results and DREs summarized in Table 4-29 indicate that the off-gas treatment system is capable of
treating the organic contaminants present in the vitrification off-gas. Therefore, by considering only the
mass from the initial sediment (W;,) and the mass released to the atmosphere (Wq). it can be concluded
that the vitrification process treats organic contaminants, including PCBs, dioxins and furans.

To fully understand the vitrification process with respect to the treatment of Hot Spot sediment, the results
from the vitrification off-gas (S5) must also be considered. These results are also summarized in Table
4-29. Based on these data, approximately 25 to 50 percent of the PCBs from the sediment were desorbed
into the vent gas (S5) rather than being destroyed or otherwise incorporated into the vitrified product.
Furthermore, the process resulted in a ten fold increase in dioxin and furan mass and a six fold increase in
2,3,7,8-TCDD toxicity equivalent mass. Based on these results, it appears that the vitrification process does
not destroy the organic contaminants, but rather, releases them in the vent gas. Subsequently, any vent gas
treatment system proposed to be used in conjunction with vitrification must be designed to destroy the
maximum potential concentration of organic contaminants that could be released during vitrification.

Results from the thermal oxidizer outlet (S10) indicate that the off-gas treatment system treated the
contaminants prior to release to the atmosphere. Overall process DREs were lower than typically
experienced by Geosafe. Geosafe believes that this is due to the high moisture content and fine grained
nature of the sediment and can be improved by dewatering the sediment prior to vitrification. The data.
presented suggest that dewatering is a reasonable approach to improving performance. This approach and
the subsequent testing that would be required prior to full-scale implementation are discussed in Section
4.5.4.2. The effectiveness of the vent gas treatment system used for the pilot test is estimated in Table 4-30.
The data presented in Table 4-30 can be used as an approximate estimate only, given the sampling
inaccuracies at the S5 location. Despite sampling inaccuracies, the data indicate that modifications and
additional testing could improve the off-gas treatment system. -

A complete characterization of the vent gas streams is provided in the TRC report included in the Data
Compendium. The data in the TRC report were used to develop potential full-scale treatment needs (see
Section 4.5.4.2). Removal efficiency was calculated according to the following calculation:

S5 Flow Rate - S10 Flow Rate
S5 FlowRate

x 100 = % Removal

The data presented in Table 4-30 indicate that the off-gas treatment system is treating the organic
contaminants in the vent gas stream. The removal efficiencies given in Table 4-30 appear to be less than
optimal, although definitive conclusions cannot be drawn due to the inaccuracies in sampling at the S5
location. Given appropriate state of the art vent gas treatment equipment and appropriate optimization and
testing, it is expected that a vent gas treatment system can be developed that adequately treats the vent gas
to below applicable treatment standards (see Section 4.5.4).
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Table 4-30
Summary of Organic Contaminants in Geosafe Vent Gas Streams (Batch #2)

Vitrification Thermal Oxidizer Vent Gas
T Off-Gas Outlet . Treatment System
Analyte (Flow Rate) i Average (S5) Average (S10) : Removal Efficiency (%)

PCB Total (mg/hr) 17,100 281 99.9836
PCDD/PCDF (mg/hr) 4.07 0.0224 99.4489
PCDD/PCDF Tox Eq (mg/hr) 00729 0.000395 99.4585

Lead (Ibs/hr) 0.0041 | NA

Particulate (Ibs/hr) 0.21 NA

NA = Not Analyzed

4.5.3.2 Characterization of Monoliths and Volume Reduction

Table 4-31 summarizes the volumes of mass treated in the vitrified monolith, the 0-1 inch surrounding zone
and the 1-3 inch surrounding zone for batch #1 and batch #2. These values were used to determine the
destruction and removal efficiencies presented above and were calculated by subtracting the mass
contributed from the clean cover layer. Geosafe calculated the volume of the vitrified mass using the mass
and density of the material. The calculations for these values can be found in the Geosafe report included in
the Data Compendium.

Table 4-31
Summary of Treated Mass Zones

Mass of Glass (kg) 271.1 95.3
Mass in 0-1 inch Zone (kg) 73.1 63.6
Mass in 1-3 inch Zone (kg) 171.6 154.4
Average Bulk Density (g/cm3) 1.09 1.47

Vitrified monoliths typically consist of a layer of bubbles in glass overlying a relatively homogeneous solid
glass layer in the block. A photograph of the vitrified product is included as Exhibit 4-9. When power is
terminated, the melt begins to cool and the bubbles that exist at that time freeze and are preserved. The
surface of the vitrified mass typically resides below the surface of the surrounding soil as a result of volume
reduction but the degree of subsidence will vary depending upon the thickness of the layer of frozen
bubbles. While the thickness of the layer of bubbles can be significant at pilot scale, it generally collapses
under its own weight at full-scale and is relatively insignificant.
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Exhibit 4-9
Vitrified Product

Batch #1 resulted in a vitrified mass weighing 694 lbs. (315 kg) including the clean soil cover layer. The
glass has a density of approximately 2.4 g/cm3. Thus, the volume of the glass (not including void space)
was 129.6 liters. The maximum dimensions of the volume of sediment treated was approximately 27 inches
by 30 inches wide by 31.5 inches deep indicating an approximate volume of 418 liters. Using these figures,
a total volume reduction of approximately 69% took place during the test. Batch #2 resulted in a vitrified
mass weighing 405 lbs. (184 kg). The glass has a density (excluding void space) of approximately
2.4 g/em3. Thus, the volume of the glass (not including void space) was 76.5 liters. The maximum
dimensions of the volume of sediment treated was approximately 28.5 inches by 28.5 inches wide by 24.5
inches deep indicating an approximate volume of 266 liters. Using these figures, a total volume reduction
of approximately 71% took place during the test.

For both tests, the precise volume of vitrified sediment is difficult to determine. This is because the width
of the vitrified zone is wider at the base than at the top and because the vitrified masses are irregularly
shaped. Therefore, the above volume reduction estimates should be considered a maximum. The actual
volume reduction that can be expected for the New Bedford Harbor sediments is likely between 60% and
65%. A summary of the vitrified dimensions is provided in Table 4-32.
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Table 4-32
Vitrified Block Dimensions

Parameter Batch #1 Batch #2
Maximum Depth (in.) 31.5 245
Maximum Diameter (in.) 30.0 29.5
Maximum Circumference (in.) 94.5 88.0
Weight (Ib.) L 694 405
Volume Reduction (%) 69 71

Removal of Additional Water

For batch #1, the removal of water from the sediments around the vitrified mass caused subsidence of the
entire sediment surface in the test container from 4.5 to 9.5 inches below the level measured at the
beginning of the test. This represents a minimum of 227 liters of water that was removed from the
container during the heating/melting process.

For batch #2, the removal of water from the sediments around the vitrified mass caused subsidence of the
entire sediment surface in the test container of 3.5 inches below the level measured at the beginning of the
test. This represents a minimum of 111 liters of water that was removed from the container during
heating/melting.

The New Bedford Harbor sediment is held in suspension by its high water content. As water is removed by
heating, volume is lost until the sediment particles are no longer suspended. Water continues to be removed
as heating progresses, but this water is removed from between sediment grains and does not contribute to
further volume reduction of the dried surrounding sediment soils. It is assumed that the total quantity of
water removed from the thermally treated zone during batches 1 and 2 was 227 liters and 111 liters,
respectively.

4.5.3.3 Energy Consumption and Efficiency

The energy efficiency of the vitrification process is defined as the amount of energy consumed during
melting divided by the mass of the block produced. Batches 1 and 2 had an estimated energy efficiency
of 2.49 kWh/kg and 2.84 kWh/kg, respectively. Geosafe indicates that typical efficiencies for
engineering scale testing range from 1.0 to 1.6 kWh/kg. Based on Geosafe’s previous experience, large
scale efficiencies range from 0.8 to 1.0 kWh/kg and are typically better than smaller scale efficiencies
due to a decrease in heat loss caused by a greater surface area to volume ratio at large scale. The New
Bedford Harbor testing energy efficiency values are much higher apparently due to the excessive water
that must be removed prior to vitrifying the soil. If the estimated water quantities of 227 kg and 111 kg
for batches 1 and 2, respectively, are incorporated into the energy efficiency evaluation, the respective
kWh efficiency values for the tests become 1.45 kWh/kg and 1.77 kWh/kg. These values are more
consistent with typical vitrification. '
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4.5.4 Geosafe Full-Scale Application

The application of the vitrification technology to full-scale treatment of the Hot Spot sediment is discussed
in this section. The general approach to full-scale implementation and the associated requirements were
developed based on the known characteristics of the sediment (Section 2.2), pilot scalc testing results,
Geosafe’s testing experience and Foster Wheeler’s experience and engineering judgment. This section
includes a discussion of Geosafe’s experience, the conceptual full-scale system. the technology
implementation schedule, technology limitations, a HAZOP review, and estimated trecatment costs.

In summary, based on pilot scale testing and Geosafe’s experience, vitrification at full-scale may be a
potential option for treatment of the Hot Spot sediment. Foliowing completion of the pilot study, it was
concluded that some significant matrix related difficulties require resolution and additional testing prior to
full-scale implementation. Specifically, the process off-gas data from the pilot study indicate that the
Destruction and Removal Efficiency (DRE) was lower than the Geosafe process typically achieves. The
data also indicate that the process produced organic by-products, including dioxins and furans.

It appears that these difficulties were directly related to the sediment matrix. That is, the sediment contains
a large proportion of water (approximately 50%) and is very finely grained. This caused the sediment to
become “fluidized” during the melting process, releasing significant amounts of steam and particulate to the
off-gas stream. Under these circumstances, organic compounds were released with steam from the
perimeter of the melt rather than remaining entrained in the sediment matrix. The organic compounds in
the steam/particulate phase were then no longer available for treatment in the melting process and were
subsequently transferred and treated within the off-gas treatment system. Several data gaps and process
operation difficulties were identified during pilot scale testing that need to be resolved prior to full-scale
implementation. These are briefly summarized below. Further discussions on the process modifications
and additional design testing are provided in the following subsections.

Pilot scale testing and Geosafe’s experience indicate that vitrification can successfully “melt” Hot Spot
sediment into an essentially inert block of glass. Analysis of the resulting glass product indicated that PCBs
and other organics were no longer present in the glass matrix and that the inorganics that remained were not
leachable in quantities above relevant regulatory criteria.

At a minimum, full-scale application would require the dewatering of the sediment prior to vitrification and
an off-gas treatment system. These modifications to the process should improve destruction and removal
efficiencies and minimize the generation of undesirable organic compounds in the vent gas stream.
Additional testing of Hot Spot sediment with successful resolution of matrix related difficulties would be
required prior to fully evaluating full-scale implementation. These additional tests could be completed
during the design phase of the clean-up. However, it must be noted that implementing these steps may or
may not appropriately address the concerns identified during the pilot study. Should additional testing
determine that the vitrification process is not a viable treatment process for the Hot Spot sediment, it may be
advisable to have a back-up or contingency plan in place.

The full-scale treatment approach presented in this section was developed based on Geosafe’s project
experience and the results from the pilot study. Geosafe has considerable project experience with
vitrification and believes that the difficulties encountered during the pilot test can be overcome with system
modifications. Foster Wheeler is of the opinion that the modifications must be tested at pilot scale to
determine that they adequately address the matrix related issues identified during the pilot test. The
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approach discussed below 1s conservative and relies heavily on the results from the pilot test to determine
the requirements for additional testing and full-scale implementation.

45.4.1 Geosafe Experience

This section provides a summary level discussion of the development and commercialization of the
technology and Geosafe’s specific project experience.

Vitrification developers have defined seven (7) scales of vitrification equipment. Melt size is the primary
determinant of scale. Equipment power level and melting rate are related factors. although the possible melt
sizes for different scales of equipment overlap somewhat. The scales of the vitrification equipment and the
anticipated equipment power levels are listed in Table 4-33. The New Bedford Harbor Hot Spot pilot scale
testing was conducted using a 30 kW system (Scale 2).

Table 4-33
Scales of Vitrification Equipment

Equll’me“t Power Level (k

PRI
i 4%
CEE e

Ito5 lbs. 5

1

2 : 50 to 200 Ibs. 30

3 0.5 to 10 tons 30 or 75

4 20 to 50 tons 500

5 100 to 1,400 tons 1,500 or 3,750
6’ 2,000 to 5,000 tons 20,000

7! {10,000 to 15,000 tons 50,000

Equipment scales 6 and 7 have been studied only énd have not been tested; vitrification
melting has been performed at the other scales.

Geosafe typically performs treatability testing at Scale 2 (approximately 20 Ib/hr processing rate), which is
technically acceptable for scale-up use, while being reasonably economical and efficient to perform.
Geosafe is able to use the results from this scale of testing for performing remedial design and cost
estimates for operation at Scale 5 (large scale). Scale 5 is the largest scale that employs mobile (trailer
mounted) equipment. Scale 5 equipment has existed since 1984, and Geosafe has been operating the
vitrification technology at Scale 5 on a continuous commercial basis since 1993.

During the development work, the application of the technology to the hazardous chemicals of concern
under the Toxic Substances Control Act (TSCA), the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA or Superfund) and the Resource Conservation and Recovery
Act (RCRA) became obvious. The process system has been developed and demonstrated through large
scale, and wastes treated at various scales include a variety of hazardous chemical, radioactive, and mixed
wastes. Development and testing on various hazardous materials has enabled the use of vitrification for
commercial application.

The primary sponsor for the development and test work has been the U.S. Department of Energy (DOE).
Other sponsors include the EPA, the U.S. Department of Defense (DOD), the Electric Power Research
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institute (EPRI), Battelle, Geosafe, and numerous other private companies. Battelle has obtained exclusive
rights to application of the technology in the field of hazardous waste remediation. Battelle, in turn, has
exclusively sublicensed Geosafe for the commercial implementation of the technology.

The vitrification technology is typically applicable to TSCA, CERCLA, and RCRA waste. contaminated
soils, sludges, tailings, sediments, and similar earthen materials. Accordingly. Geosafe has tested and
evaluated the applicability of vitrification to many PCB contaminated sites. Geosate has completed a full-
scale TSCA demonstration at a private industrial site in Washington State as part of the requirements for
obtaining a National TSCA Operating Permit for treatment of PCBs throughout the United States.

The Geosafe mobile vitrification treatment system meets the EPA definition of an alternate disposal
method, intended for use in more than one EPA region, and defined by the regulations promulgated under
TSCA. The Code of Federal Regulations, Title 40, Part 761 (40 CFR 761) establishes rules on the disposal
of PCBs and PCB items. Under these rules, organizations or persons wishing to dispose of PCBs are
required to use approved methods and must obtain a permit. Geosafe has a National TSCA permit that
allows for treatment of PCB contamination to maximum levels of 17,860 ppm.

A summary of full-scale remediations at two Superfund sites (GE/Spokane and Wasatch Chemical)
performed by Geosafe is included below.

GE/Spokane Superfund Site

Date of Project 7/94 to 10/94

Duration of Project 4 months

Client Name Bechtel Environmental
San Francisco, CA

Client Address, Phone Russ Stenzel

(415) 768-3385
Contaminant Concentrations: =~ PCBs: Concentrations Up to
approximately 17,000 ppm

Waste Media Sandy Soil
Type of Project: Full-scale
Waste Quantity 3,300 tons
Cleanup Goals 2 ppm PCBs

Treatment Efficiency (DRE)

>99.9999% DRE
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Wasatch Chemical Superfund Site

Date of Project
Duration of Project
Client Name

Chent Address, Phone

Contaminant Concentrations:

Waste Media

Type of Project:

Waste Quantity

Cleanup Goals

Treatment Efficiency (DRE)

11/94-12/95

14 months

Entrada Ind.

Salt Lake City, UT
Roland Gow

(801) 534-5528
VOCs: <3.533 ppm
Pesticides <300 ppm
2-4 D: 70 ppm
PCP: 4,000 ppm
TCDD: 3,000 ppb
Dense Clay
Full-Scale

6,000 tons

| ppb dioxin
>99.9999% DRE

An aerial photograph of the Wasatch Chemical Superfund Site in Salt Lake City. Utah is included as
Exhibit 4-10. The Wasatch site used a 6 x 6 array of melts and staging of contaminated material for
treatment, as would be recommended by Geosafe for the New Bedford Harbor Hot Spot sediment. The
photo shows the use of two off-gas hoods, which would also be applicable to the New Bedford Harbor site.

Exhibit 4-10
Aerial Photograph of Full-Scale Implementation
at the Wasatch Chemical Superfund Site in Salt Lake City, Utah
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4.5.42 Conceptual Full-Scale Treatment System

The overall treatment approach is presented in Figure 4-16 and is an adaptation ol the original concepts
provided by Geosafe. Foster Wheeler has adapted the approach in order to provide a conservative, yet
potentially viable approach to implement vitrification in a safe and environmentally compliant manner.

The section presents a discussion of the proposed activities including additional pilot scale testing,
drying, vitrification and off-gas treatment. The overall treatment approach includes the following steps:

Step 1. Transport the wet sediment from the CDF to the thermal dryer unit.

Step 2. Dry the sediment to less than 15 percent moisture using a thermal dryer and transport it
under dust control to an area (potentially the existing empty CDF) where it can be
redeposited, compacted, and prepared for vitrification. The off-gas from the dryer would
be treated in the off-gas treatment system. Treatment would be performed over a 6 month
period prior to vitrification operations in order to eliminate process interferences between
the drying and vitrification steps.

Step 3. Redeposit dry sediment in another area of the CDF and implement vitrification in
sequential batches over a one and a half year period.

These steps are discussed in more detail below following a discussion of requisite pilot study testing
activities. Details of the other related site support activities including materials handling between the
various steps are presented in the remedial alternatives discussion with Section 6.

Pilot Scale Testing of Treatment System

The steps discussed above, specifically, the dewatering of the sediment and the implementation of an off-
gas treatment system, should improve the destruction/removal efficiency of the process and should reduce
the concentration of dioxins and furans released in the off-gas. The effectiveness of these steps cannot be
quantitatively assessed without further testing. To measure the full-scale process as a viable treatment
option, it is recommended that the process, as proposed in this section, be tested on Hot Spot sediment at the
pilot scale. - The result of such testing should be fully evaluated prior to implementation of full-scale
treatment.

This pilot study testing would be similar to that discussed in Sectién 4.5.2, but would be modified to
specifically address the following issues identified during the initial Hot Spot sediment test:

e The thermal dryer proposed for dewatering sediments must be tested for effectiveness. This testing
would be similar to that conducted for the thermal desorption pilot study (see Section 4.6.2) and would
include off-gas monitoring for PCBs, dioxins, and furans.

e The vitrification off-gas must be sampled isokinetically to accurately evaluate the effectiveness of the
process on dewatered sediments.

e Similarly, the accurate sampling of the off-gas would provide data that could be used to assess the
destruction of contaminants via vitrification versus thermal desorption and subsequent vapor phase
treatment.
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e The off-gas treatment system, including scrubber solutions and the thermal oxidizer off-gas must be
analyzed to determine the distribution of materials and to ensure that emissions meet regulatory criteria.

The implementation and testing of these process elements would provide data that can be used to evaluate
tull-scale viability. Although these modifications would be expected to significantly improve the process
performance, there are no guarantees that this process will be effective for the Hot Spot sediment. Should
further testing of the vitrification alternative be conducted in anticipation of full-scale implementation, it is
recommended that a contingency treatment process be considered simultaneously. should vitrification be
determined unsuitable for this particular matrix.

Sediment Drying

The first step in full scale treatment would be transferring the Hot Spot sediment to the dryer feed hopper
and subsequent feeding into the indirect, steam-heated dryer. The dry sediment product would be
transferred to the excavated area adjacent to the CDF where it would be deposited and compacted for future
melting. Dust control would be implemented to ensure no adverse environmental effects. The off-gas from
the dryer would be pretreated to remove moisture and particulates from the sediment and then sent to the
off-gas treatment system to destroy PCBs, SVOCs, dioxins, and other organics.

Sediment Vitrification

The contaminated solid media to be melted at the New Bedford Harbor site is a sediment consisting
primarily of fine-grained silt with small quantities of sand and shellfish debris. The results of the
geochemical evaluation and the pilot tests indicate that the concentration of glass-forming ions (e.g., silicon,
aluminum) and monovalent alkali earth metals (e.g., sodium, potassium, lithium) are within the acceptable
range for efficient processing. No chemical modification or additives would be required to enable
processing of the sediment.

The geochemical evaluation predicted a melt temperature near 2,000°C. However, the maximum melt
temperature recorded during the treatability test was 1,665°C. This temperature discrepancy is believed to
be due to the presence of shell fragments in the sediment that was melted, whereas such fragments were not
present in the sediment samples collected prior to the test and employed in the petrologic evaluation. The
shell fragments contributed calcium to the melt. Calcium acts as a flux and suppresses melt temperatures.
A cooler melt results in extended electrode life and lower temperatures in the off-gas hood. Hence, the
presence of shells in the sediment is beneficial to the process.

The minor quantities of debris (rocks, wire, plastic, and wood) that were processed during the pilot test had
no observable effect on the vitrification process. Significantly higher concentrations of such debris can be
tolerated by the vitrification process. The New Bedford Hot Spot sediments are not expected to contain a
significant amount of debris and this is not likely to be a concern.

Following drying, the sediments would be staged in the eastern end of the CDF where the dredged material
from the pilot study was placed. The dry sediment (still contaminated) would be covered with a geotextile
and two feet of clean soil to prevent transport of fine grained particles away from the site. Once all of the
contaminated sediment was placed and compacted (approximately six months) the vitrification operations
would commence. The vitrification operations would take approximately two weeks at each of the 36 melt
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sites. Geosafe anticipates using two off-gas collection hoods during the application to provide adequate
coverage during melting and cooling operations.

During the melting process, Foster Wheeler anticipates that additional oft-gas controls above what Geosafe
has planned. could be required. The next section discusses this off-gas treatment system.

Geosafe Off-Gas Treatment System

As a result of the pilot study tests, it is apparent that the pilot vitrification system generated significantly
higher concentration emissions than originally estimated. Therefore, a full-scale vitrification system
would likely need a more comprehensive gas cleaning system than originally proposed by Geosafe. This
subsection presents a conceptual design for an off-gas cleaning system that would be able to meet the
stringent emission limitations expected to be imposed on the project.

Off-Gas Treatment System Design Criteria

The design of an off-gas treatment system must consider potential emissions of particulate, hydrogen
sulfide, heavy metals and organics. These are discussed in more detail below.

Particulate Emissions

The most significant issue with the particulate emissions is the quantity of particulates below one
micron. The particles in this size range are the most difficult to remove and present a significant
problem to most types of pollution control equipment. One of the few types of equipment that can
control these sub-micron particulates is a wet electrostatic precipitator or wet ESP (WESP). However, a
WESP cannot handle heavy dust loads very well. Usually, a WESP is preceded by another particulate
control device (such as a low to medium energy venturi scrubber) to remove the large particulate and
heavy dust loading prior to the WESP,. Venturis are very efficient at removing particulates larger than
three microns in size and can handle heavy dust loads effectively, as long as the total suspended solids in
the scrubbing liquid is kept low, usually less than 5% to 10% by weight.

Hydrogen Sulfide Emissions

Hydrogen sulfide (HyS) presents not only an odor problem, but also a health problem. The best way to
control hydrogen sulfide is to oxidize it to water (HpO) and sulfur dioxide (SO7). The sulfur dioxide
emissions can be removed using a wet scrubber.

Heavy Metal Emissions

Based on the pilot test data, the primary metal that presents a problem is lead. It is the only metal present
in a relatively high concentration and it also volatilizes at relatively low temperatures. Since it is
expected that the high temperatures of the melt will volatilize the lead, this presents a potential problem
with off-gas emissions. The best way to control the emission of lead is to condense it back to the solid
phase in the gas cleaning system and remove it. However, when lead condenses from a vapor to a solid
particle, it usually forms a sub-micron particle. Difficulties and treatment associated with sub-micron
particles are discussed above.
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Organic Emissions
This a broad category that includes all organic emissions from the process. such as PCBs, products of
incomplete combustion (PICs) and, potentially, dioxins and furans. The best way to control thesc

emissions is to oxidize them in a thermal oxidizer.

Conceptual System Design

Based on these potential emissions from the sediment drying and vitrification processes, a conceptual
design for an off-gas treatment system was developed and is briefly summarized below.

Thermal Oxidizer

The oft-gas from the process should first pass through a thermal oxidizer to control the volatilized
organic emissions. This unit would be designed to oxidize all of the various compounds that might be
present in the gas stream, including PCBs, PICs, dioxins and furans. As a result, it is expected that the
unit will operate at in the temperature range of 980° to 1200°C with a residence time of approximately 2
seconds. Either natural gas (if available) or propane would be used as the auxiliary fuel.

Venturi/Packed Tower Scrubber

Following the thermal oxidizer would be a venturi scrubber designed to remove the heavy dust loading
expected to be emitted from the system. The scrubber would be effective in controlling the large
particulate and reducing the concentration of particulates to a range acceptable to the WESP. Following
the venturi would be packed tower scrubber designed to remove the acid gases generated when the HS
and chlorinated compounds in the waste (such as PCBs) are burned. The combination of the venturi and
packed bed scrubber is expected to be effective at controlling the bulk of the particulate emissions and
the acid gas emissions.

Wet Electrostatic Precipitator (WESP)

After the venturi/packed tower scrubber, the only remaining issue is expected to be the sub-micron
particulates. These would be controlled by a WESP, designed to remove the sub-micron particulate
generated by the high temperatures in the vitrification process.

4.5.43 Technology Implementation Schedule

Geosafe would employ a total on-site crew of about 11 people to operate the large scale vitrification
equipment system 24 hours a day. The total time to dry and vitrify the sediments would be approximately
two to three years. However, the pilot scale testing and additional process development steps could take as
long as three years. This results in a combined schedule of approximately five to six years.

The primary technology limitation for the vitrification of the Hot Spot sediments appears to be excessive
moisture. While other factors, such as grain size distribution, also play a role, excess moisture appears to
present the primary challenge. As a result, a complex and expensive off-gas treatment system has been
included by Foster Wheeler in the conceptual full-scale design. A comprehensive design scale testing
program has been included in the conceptual full-scale application to determine if the sediments can be
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dewatered to the 10 to 15 percent moisture range and if this would be effective in eliminating the problem
of excess particulates and the creation of dioxins and furans. 1t is possibie that the results of the pilot testing
conducted during the design phase would demonstrate that these limitations had been overcome. However,
it is important to note that it could take up to three years to go through this design scale testing phase.

4.5.4.4 Geosafe Vitrification Hazards Review

This review is conceptual in scope because there are no detailed Process Flow Diagrams (PFDs), no
detailed Piping and Instrumentation Diagrams (P&IDs), operating instructions, etc., that exist to form the
basis for an in-depth HAZOP review. Should implementation proceed at sometime in the future, such an
in-depth HAZOP Review would be performed. In summary, this Hazards Review highlights the main
areas of concern to ensure these issues are factored into the overall evaluation of this technology.

Vitrification Overview

The Geosafe process employs hazardous operating conditions both in the vitrification where the molten
glass temperature is about 1.600 to 1,700°C, and in the thermal oxidizer where the temperature is about
900°C after the hot vitrification off-gas is burned. All of these process units operate close to atmospheric
pressure. Another potential hazard is the high electrical energy load required to vitrify the sediment.

Hazards Analysis

Hazards associated with the vitrification process are discussed below. Hazards are discussed in terms of
physical and chemical hazards as well as hazardous operating conditions and equipment or utility failure.

Physical Hazards

The physical hazards that may be encountered are burns from hot equipment, noise, exposure to the cold,
heat stress, sharp surfaces, falling objects, lifting, electrical shock, and those associated with work near
heavy and industrial equipment. Should implementation proceed, the Site Safety Officer or alternate,
would address activity-specific safety procedures to minimize the potential for injury associated with
these hazards during full-scale operations.

Weather Events

Major equipment would be exposed to the weather. High ambient temperature does not appear to present
any process hazard. Low (sub freezing) temperature could cause problems maintaining flow of aqueous
streams required for off-gas treatment and wastewater treatment presenting the possibility of release of
inadequately treated material. Tracing (electrical or steam) of exposed piping should be considered
where appropriate.

In the event of rain, power cables to the vitrification unit and connections to the electrodes would be
exposed. Elevating and insulated cables appear preferable to laying them on the soil surface. This would
reduce likelihood of mechanical damage and personnel exposure. Infiltration of moisture into stock
piled or unprocessed dried silt could result in processing conditions leading to poor destructions of
contaminants as experienced in the pilot work.
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Accumulation of an unusually heavy amount of snow on the vitrification unit containment hood could
present the possibility of collapse of the covering with release of untreated oft-gas. Short-circuiting of
the electrodes to the containment hood appears to be another possibility. Proper maintenance and
weather proofing should eliminate these concerns.

Off-Site Event

Fire or other incidents occurring on adjacent property do not appear to present additional hazard from the
Geosafe equipment.

Chemical Hazards

The following materials associated with the process are hazardous because of toxicity:

PCBs

Dioxins (produced during vitrification)
Other toxic organics in the sediment
Heavy metals

Equipment Failure

Leakage or catastrophic failure of piping or pumps would release contaminated silt during the transfer of
hot spot sediment to and from intermediate storage causing possible personnel exposure. Berms will be
provided to minimize the spread of such releases.

Failure of the thermal dryer could release contaminated vapor and silt. Leak detection equipment will be
used to prevent such a failure. The method of transfer of dry sediment to the melt area has not been
determined. However, moving the dried sediment poses the potential for release of contaminated dried
material which could be carried by wind and could cause personnel exposure and/or on and off-site
contamination.

Misoperation of the off-gas treatment system could cause release of contaminated vapor and particulates.
This system will have a backup carbon absorption unit. Misoperation of the scrubbing system and

thermal oxidizer could create a release of hot contaminated gas. A carbon adsorption system would
back-up these units.

Failure of the induced draft fan could lead to development of positive gauge pressures in the system with
the possibility of contaminated gas leakage from melt hood or scrubbing equipment. A backup power
generator will prevent this event.

Utility Failure

Lack of electrical power would force the total shut down of the system. This may not present a hazard
provided it is not of sufficient duration to permit solidification of a partially vitrified cell. Recovery
operations (i.e., reheating) may entail potential exposure of personnel. Lack of water would force a total
shut down. Unanticipated failure could result in release of contaminated gas to the atmosphere. The
source of thermal oxidizer fuel is not indicated (i.e., utility service gas or on site LPG). Loss of the fuel
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source would cause a forced shut down and possible release of contaminated gas or water due to an
overloaded scrubber svstem.

Hazards Summary
In summary, major HAZOP issues of concern are the following:

e Release of hot contaminated cases from the vitrification unit and thermal oxidizer.
¢ Release of hot, molten glass.
e Electrical shock from the high electrical encrgy load.

These issues of concern arc addressed in the following ways:

¢ Release of contaminated gases is prevented with a backup carbon adsorption system.

¢ Release of molten glass will be prevented by proper staging of the melt cells and suitable clean soil
cover based on past Geosate practice.

e Elimination of electrical shock by elevating and insulating electrical cables, and employing NEMA
OSHA standards.

4.5.4.5 Estimated Treatment Cost

This section presents the treatment only costs for vitrification of the 18,000 tons of Hot Spot sediments.
Although Geosafe anticipates that following dewatering the sediment volume will be reduced to 12,000
cubic yards from the initial volume of 15,000 cubic yards, the per ton cost of treatment is based on the
initial 18,000 tons currently contained in the CDF. This is consistent with the development of the costs
which also include dewatering.

Foster Wheeler modified the estimated Geosafe costs in several areas. The first modification increased
estimated costs for electrical power, as the regional cost for electrical power used by Geosafe was low by a
factor of two. Other modifications included the addition of a comprehensive design scale test program,
thermal dryer and enhanced off-gas treatment system. The estimated vitrification costs are presented in
Table 4-34 and include design scale testing, mobilization, dewatering, melt processing, off-gas treatment
and demobilization. The costs for the enhanced off-gas treatment system are divided between the costs for
dewatering and melting operations. The division of cost is based on the duration of these two activities, six
months and eighteen months, respectively.
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Table 4-34
Estimated Vitrification Preparation Costs

Activity Estimated Cost

Design Scale Testing $1.616,000

Mobilization $300.000

Dewatering

$6,324,000

Melt Processing $8.196,000

Off-Gas Treatment for Melt Operations $4.001,000

Demobilization $250,000

Total: $20,687,000
Cost per ton of wet sediment (18,000 tons) $1,149/ton

The estimated costs for the design scale testing include a month long test program for both thermal
dewatering and vitrification operations. A minimum of four separate melts would be conducted on the
dried sediment. The sediment drying activities would be done at a rate to provide enough sediment for
vitrification operation and to assess the efficacy of the drying operations. This would include the energy
required to dry the sediment and measurement of the quantity and quality of the resulting off-gas. Both
tests would include extensive off-gas sampling, detailed analytical chemistry evaluations and a
comprehensive site-wide air monitoring program.
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4.6 SAIC/Eco Logic Test Program

The third pilot study was conducted by Science Applications International Corporation (SAIC) and Eco
Logic in a teaming partnership. The treatment technology evaluated was a two stage process involving
thermal desorption of contaminants from the Hot Spot sediment and subsequent chemical reduction of
chlorinated organics in the gas phase vent strcam. The technology and equipment arc Eco Logic’s.
Accordingly, discussions regarding the pilot test refer to SAIC/Eco Logic, full scale technology and
implementation discussions refer to Eco Logic’s process experience and equipment.

In order to fully assess full scalc applicability of these processes, the two stages (thermal desorption and
chemical destruction) are discussed in conjunction with one another, as the pilot test was conducted. These
two unit processes are also discussed as separate processes, capable of being used independently and in
conjunction with other treatment technologies. For instance, the gas phase chemical reduction process
could potentially be used to treat residual oil generated by solvent extraction (see Section 4.4).

The data collected to evaluate the processes are summarized and discussed in the following subsections.
SAIC/Eco Logic's report of the pilot scale testing program is included in the Data Compendium. TRC
conducted the vent gas sampling during the SAIC Eco Logic test program and their report including the
associated stack sample results is included in the Data Compendium. Laboratory results for the samples
collected during the program (all media including solids, liquids and air) are also included in the Data
Compendium.

4.6.1 Process Description

Since 1986, Eco Logic has conducted research, development, and product engineering with the aim of
developing a new technology for destroying organic wastes in a wide range of matrices including harbor
sediments, soils, leachates, lagoon sludges, and highly concentrated organic wastes. Much of this work was
supported by the Government of Canada (National Research Council - Environment of Canada and the
Department of National Defense) and the EPA. The goal was to develop a commercially viable chemical
process that could deal with aqueous wastes, contaminated soils, sediments, and also destroy concentrated
organic wastes (i.e., solvents, PCB oils, industrial wastes, pesticides, and chemical warfare agents).
Additional detail on the history of the process is included in the Eco Logic report included in the Data
Compendium.

The process consists of a thermal reduction mill (TRM) that pulverizes and grinds the sediment at elevated
temperatures. The operation of the TRM is conceptually similar to other indirect thermal desorption
systems. However, the TRM uses a molten tin bath as a means of heat transfer and the operating
atmosphere is hydrogen based to minimize the potential for the creation of dioxins and furans. Organic
compounds and steam are volatized from the sediment and removed from the TRM by the hydrogen sweep
gas. The TRM off-gas is vented to the gas phase reactor, where the gas is subjected to high temperatures in
a hydrogen atmosphere.

The Eco Logic reactor destroys the organic compounds through chemical reaction with hydrogen at high
temperature, reducing contaminants to methane and hydrochloric acid. Off-gas exiting the reactor is
processed through scrubbers to remove water, hydrochloric acid and hydrogen sulfide. The gas is
subsequently processed through an excess gas burner that destroys methane and other residual organics
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prior to release to the atmosphere. The thermal energy from the excess gas burner can also be used within
the process to operate a steam boiler. The chemical process reactions are illustrated in Figure 4-17.

Figure 4-17
Eco Logic Process Reactions

Cl Cl

8 + 4 1CI PCB molccule & hydrogen react to produce
rEih 2 ' benzene & hydrogen chloride
C N
“ ’ " Dioxin molccul 1d hvd n tt d
—_— ) xin molecule and hydrogen react to produce
) " + |
C@ :@ *8 2 Q dHCI+ 2RO benzene. hydrogen chloride & water
0 Ci

PAH molecule and hydrogen react to produce

+23 H, —14 CH, methane
Q +9H, 6 CH, Benzene and hydrogen react to produce methane
Hydrocarbons & hydrogen react to produce

Cu H('.’n+2)+ (n'l) H2 —n CH, methane

WATER SHIFT REACTIONS

Methane and water react to produce carbon
H,+ H,O +3H
CHAHO __ CO+3IH, monoxide and hydrogen

Carbon monoxide and water react to produce

Co+ HZO_ — CO, + H, carbon dioxide and hydrogen

The chemical process reactions are reductive in nature with the exception of the reaction between water and
methane to generate hydrogen, carbon monoxide, and carbon dioxide. These "steam reforming" or "water
shift" reactions also shown in Figure 4-14 are utilized to regenerate hydrogen for the reduction reactions,
reducing the requirements for purchased hydrogen (under full scale applications).

Unlike typical incineration systems which utilize oxidation reactions, the efficiency of the reduction
reactions is enhanced by the presence of water, which acts as a reducing agent and a source of hydrogen.
Consequently, aqueous waste such as harbor sediments, sludges, and leachates can be treated efficiently and
without prior dewatering.

A benefit of using an active reducing hydrogen atmosphere for the destruction of chlorinated organic
compounds, such as PCBs, is that oxygen is not present in significant concentrations such that the potential
for formation of dioxins or furans is greatly minimized.
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Pilot scale systems have been used by Lco Logic over the past few years to perform waste specilic studies
for several commercial clients. Several of these projects have resulted in full scale treatnient units. A
process flow diagram summarizing the pilot scale test program is included as Figure 4-18. This fipure also
includes the sampling locations that were used and the analyses that were conducted for cach sample. The
pilot system includes a piston feed system for delivery of soil to the TRM. a gas phase chemical reduction
reactor and a two stage gas scrubbing system with continuous emission monitoring equipment. Photographs
of the pilot unit components are included as Exhibits 4-11 and 4-12. Exhibit 4-11 shows the pilot scale
TRM and Exhibit 4-12 shows the Reactor Chamber, the Scrubbers and Excess Gias Burner.

Exhibit 4-11
Pilot Scale TRM

L
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Exhibit 4-12
Pilot Scale Gas Phase Reactor and Off-gas Treatment System

The hydrogen sweep gas, water, and desorbed contaminants exited the TRM and entered the gas phase
chemical reduction reactor at the bottom. The reactor was operated in an atmosphere of hydrogen and was
heated by propane to maintain a temperature of at least 900°C. Reduction of the organic contaminants
occurs along the length of the reactor and the resulting gases exited the reactor from the top after a typical
residence time of 4 to 10 seconds. The process reactions take place in less than one second, but a residence
time of several seconds was used to ensure complete destruction.

The reacted product gas leaving the reactor was routed through a two stage gas caustic scrubbing system to
remove heat, water, hydrocloric acid and particulates. The scrubbed product gas was then compressed and
sent to temporary storage before being burned in the Excess Gas Burner. At the end of each test run, the
scrubber effluent solution/slurry was collected and then pumped through a filter followed by a bed of
activated carbon.

4.6.2 SAIC/Eco Logic Test Program Elements

The pilot test program for the SAIC/Eco Logic process is described in this section. The following three
subsections discuss the pilot scale test schedule, optimization and operating conditions, and the sampling
and analytical program. Additional detail in the pilot scale test program is provided in the SAIC/Eco
Logic report included in the Data Compendium. The results of the pilot program are discussed in
Section 4.6.3.
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4.6.2.1 Pilot Test Schedule

The SAIC/Eco Logic test program consisted of three “acclimation” runs and three “performance™
verification runs, for a total of six test runs. The acclimation runs (Al, A2, and A3) were conducted on
November 18, 19, and 20, 1996. Each acclimation run consisted of a shortened batch, approximately two to
three hours in duration, under steady-state conditions. The acclimation runs were used to provide
preliminary data for optimizing processing conditions prior to commencing the performance tests.
Optimization focused on the TRM operation and included variations in the waste feed rate, mill speed, and
sweep gas flow rate. System conditions downstream of the TRM, including the reactor, scrubbers, and
flare, were constant throughout all acclimation and performance verification runs.

The tests conducted on November 18 and 19 (Al and A2) were intended for optimization purposes only,
and did not include sampling and analysis of all potential sample locations within the system. Run A3,
conducted on November 20, provided a more complete set of data (including gas sampling locations), and
was later included as part of the process evaluation (see Section 4.6.3). The overall actual test schedule is
shown in Table 4-35.

Table 4-35
SAIC/Eco Logic Test Program Schedule

11/18/96 1 Al Acclimation/Optimization runs
11/19/96 2 A2 Acclimation/Optimization runs
11/20/96 3 A3 See Note

11/23/96 4 P1 Verification/Performance runs
11/24/96 5 P2 Verification/Performance runs
11/25/96 6 P3 Verification/Performance runs

Note: Run A3 was intended as an acclimation/optimization run but was later used in
conjunction with performance data to provide a larger data set for evaluating
overall process performance.

The test program was originally envisioned to occur over a seven-day period. This was anticipated to
include two days of acclimation testing and five days of performance testsing. However, initial difficulties
experienced by SAIC/Eco Logic during the acclimation testing extended the acclimation testing with three
days remaining for performance testing. Continuing difficulties with the unit ultimately shortened the test
program to 3 days of acclimation testing and 3 days of performance testing. SAIC/Eco Logic was also
afforded a brief “rest” period between the acclimation and performance test phase to disassemble the TRM
and examine the inner workings to ensure continuous operations during the performance tests.

Performance runs (P1, P2, and P3) were conducted on November 23, 24, and 25, 1996 to determine the
ability of the pilot scale system to meet the study objectives. During each test, detailed sampling and
analyses were performed on input sediment, treated solids, and scrubber water. Gas samples were collected
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for all performance tests. Specific details on the gas sampling program arc presented in the TRC report
which is included in the Data Compendium.

It was originally anticipated that data would be formally evaluated for the performance runs only.
However, the TRM experienced mechanical difficulties during run P3.  Because of the operational
difficulties, P3 data was not expected to represent optimal operating conditions [t was therefore determined
that, based on the relative thoroughness of the data from run A3. this data could be used in addition to the
performance runs to evaluate process performance. Data from run P3 was also included in the overall
evaluation. The mechanical difficulties associated with this run are further discussed below.

4.6.2.2 Pilot Scale Test Conditions

After the first two acclimation runs (Al and A2), operating conditions were held constant throughout the
remaining acclimation and performance runs (A3 and P1 through P3). Each run day commenced with a
brief health and safety meeting followed by a two hour set-up period. This procedure included a system
pressure and leak check, instrument calibration, preparation of scrubber solutions and bringing hydrogen
concentration and heating zones to optimum operating conditions. Waste processing operations
commenced once optimum conditions were reached and ranged from five to eight hours in duration. After
waste processing was halted, the system was shut-down and samples were coliected. This procedure
required approximately two hours. The SAIC/Eco Logic report included in the Data Compendium includes
the manual operator logs for system start-up, operation and shut-down for all acclimation and performance
runs. The manual logs were collected for system conditions every ten minutes of operation. In addition, an
automated datalogger was programmed for on-line continuous monitoring of various parameters, including
system temperatures, bulk gas concentrations and trace gas concentrations. System conditions for run A3
and the performance runs are summarized in Table 4-36.

TRM Operation

Sediment was loaded into the TRM in pre-weighed batches. The piston feed system was manually turned to
deliver two kilograms of waste per hour to the TRM ball mill. The total amount of waste processed for
each batch ranged from 9.7 to 17.3 kilograms, depending on the total run duration which ranged from five
to eight hours. The TRM was operated in a hydrogen atmosphere with tin bath temperatures for the test
runs ranging from 627°C to 639°C. Once sediment processing was complete, the unprocessed sediment
was recovered from the feed system and weighed to determine the total amount of sediment processed.
Treated sediment, recovered from the TRM catch pot, was weighed and sampled.

Reactor System

The reactor was operated at temperatures for the test runs ranging from 910°C to 939°C. The reactor was
designed to ensure a residence time of at least 1.5 seconds for the destruction of the organic contaminants.
The system operating pressure was slightly positive and the hydrogen content was maintained in excess of
97 percent throughout all test runs.

Through their experience gained in treating a variety of wastes, Eco Logic has determined that 55 percent is
the minimum concentration of hydrogen required for the reactor to ensure complete destruction of the
waste, The concentration of hydrogen in the pilot-scale reactor during treatment of New Bedford Harbor
sediment was well above (approximately 97 percent) that required. However, this was necessary to ensure
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adequate gas flows through the entire system and to allow collection of gas samples after the scrubber
system. The excess hydrogen does not adversely affect, nor does it enhance. the reduction reactions, i.e..
there is a hydrogen threshold beyond which the destruction efficiency of the process is not affected.

Table 4-36
SAIC/Eco Logic Test Program Operating Conditions

N - S Run No. .
Parameter o A3. | P1 | P2 [ P3

Date: 11/20/96 ¢ 11/23/96 1 11/24/96 i 11/25/96

Start Time: | 11:10 9:25 --------- 9:10 --------- 9:05

Stop Time: 16:00 '

Total Test Duration (min): 290

Waste Solids (kg):
Input Waste (wet solids) 9.7
Recovered Solids (dry solids) | 4.4

Scrubber Water Volume (L.):
PreRun |7 70
Post-Run 76

System Temperatures (°C):
TRM - Tin 627 i 636 629 i 639

Reactor Flame 786 820 1783 823
Reactor Exit 912 916 i 939 910
Scrubber 1 28 26 27 29 .
Scrubber 2 15 14 ’ 13 15
Product Gas 10 10 6.6 i3
Flare Inlet 574 613 738 741
Flare Outlet 669 714 835 848

Product Gas Concentration (%): ;
Carbon Monoxide 1.39 1.98 1.66 1.66

Methane 2.12 0.47 039 0.34

Hydrogen 97.9 98.1 974 98.4

Oxygen 0.0 . 0.0 0.0 0.0
Scrubber System

The scrubbers were designed with both top and middle spray inputs to ensure thorough wetting and reaction
with the product gas. The flow of the product gas was concurrent for the first scrubber and counter-current
for the second scrubber. The solutions within each scrubber were continuously circulated from the solution
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tank through the gas chamber. The scrubbers were equipped with cooling water jackets 1o ensure sufficient
heat removal from the scrubbing solutions and to facilitate condensation of the water component of the
product gas. The scrubbers contained a caustic (sodium hydroxide) solution tor the removal of hydrogen
sulfide and hydrochloric acid.

During system set-up prior to each test run, the scrubbers were charged with 35 liters of fresh caustic
solution. The solutions were periodically checked and maintained at pH 10 by adding concentrated caustic
when necessary. The temperature of the first scrubber solution ranged trom 26°C to 29°C and the
temperature of the second scrubber solution ranged from 13°C to 15°C. The product gas exiting the second
scrubber was approximately 10°C. At the completion of each test run, the scrubber solutions were sampled
and discharged to a 40-gallon drum. The combined scrubber solutions were allowed to settle overnight and
were then filtered through GAC and sampled after this tertiary treatment.

Excess Gas Burner

The gas exiting the second scrubber was tested using the on-line instruments, compressed, and then
temporarily stored in a tank prior to being released to a vertical gas flare. The excess gas burner chamber
was propane fired and operated at temperatures ranging from 669°C to 848°C.

4.6.2.3 Sampling and Analysis

Sampling and analysis was conducted to ensure that appropriate data were available at the completion of the
study to allow an evaluation of the process with regard to the objectives of the program. This Section
provides an overview of the analytical program and summarizes the samples collected and associated
analytical parameters.

Field Measurements

Throughout sediment processing, specific operating parameters were monitored and recorded both
manually and using the automated datalogger. The data collected included the following:

temperature of the TRM tin bath

temperature of the reactor

temperature and pH of the scrubber solutions

temperature of process gas

temperature of excess gas flare

manual recording of sediment, hydrogen, nitrogen and propane flows
mass of sediment input

mass of treated sediment recovered

test duration

process gas monitoring for oxygen content and destruction products
chemical analysis of input sediment, treated sediment, pre- and post-test scrubber solutions, and
process gas
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On-Line Instrument Analysis

The scrubbed product gas was continuously monitored using an on-line chemical ionization mass
spectrometer (CIMS). The CIMS monitored ten organic compounds every few seconds at concentrations
ranging from percent levels down to ppb levels. The CIMS was used as part of the Eco Logic process to
monitor the concentrations of certain compounds indicative of the process destruction efficiency.
SAIC/Eco Logic also used a micro-GC to analyze for benzene and monochlorobenzene (discussed below)
and NOVA analyzers to measure tor oxygen, hydrogen, methane, carbon monoxide. and carbon dioxide.

Chemical lonization Mass Spectrometer (CIMS)

The CIMS was used to continuously monitor the product gas as it exited the second scrubber and before it
was compressed. The CIMS is the first indicator of destruction efficiency and allowed the operator to
immediately identify conditions causing reduced destruction efficiency, before the gas is sent to the product
gas storage tank.

The CIMS is a single quadrupole ionization mass spectrometer capable of monitoring, continuously
displaying, and recording organic compounds at concentrations down to the low parts per billion range. As
many as ten compounds can be selected for analysis as indicators of organic destruction efficiency.
Therefore the system can be tuned to be waste-specific. Decreases in destruction efficiency, as indicated by
continuous product gas monitoring, automatically trigger system alarms.

The indicator compounds selected for monitoring by the CIMS depend on the character of the wastes being
processed. For this Hot Spot sediment pilot study, where PCBs were the primary contaminant,
monochlorobenzene was the primary compound monitored as an indicator of destruction efficiency. (The
chemical reduction of a PCB molecule generates monochlorobenzene as a final step before complete
dechlorination to benzene). The low concentration of monochlorobenzene in the product gas was used by
SAIC/Eco lLogic as an indication that PCB destruction was proceeding to completion. The CIMS
continuously monitors and records the concentration of monochlorobenzene in the gas. In this manner, the
CIMS provides a permanent record of reactor performance.

During the testing, an increase in monochlorobenzene concentration in the product gas would have
automatically triggered a process control alarm. This alarm was not triggered at any time during the pilot-
testing. Benzene concentrations were also monitored to provide an indication of process efficiency.
Toluene and hydrogen sulfide concentrations were also monitored.

Micro Gas Chromatograph (Micro-GC)

In addition to the CIMS, an on-line micro-GC was used to evaluate indicator compounds in the process,
which provide an estimate of process performance. As with the CIMS, monochlorobenzene and benzene
concentrations were measured. This on-line instrument was used to monitor the compressed product gas
from the product gas storage tank to ensure that the gas sent to the excess gas flare did not contain levels of
organic compounds above operating specifications. Target compounds were not detected above acceptable
levels during the test runs.

The micro-GC is a self-contained miniaturized gas chromatograph equipped with a micro-machined injector
system, microbore analytical and reference columns and a micro-machined solid state detector. This system
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is capable of providing relatively accurate, high resolution gas analysis in seconds. The GC was calibrated
using gas mixtures of known concentration. At each minute during destructor operations, a gas sample was
collected in the sample loop and separated on the OV-1 microbore analytical column. Observed peaks were
compared to the calibrated compounds and the concentration determined.

Nova Multi-Gas Analyzer

The gas composition in the system was carefully monitored to ensure that all the components necessary
for the operation of the process were present. The levels of specific products of reduction are used to
monitor the process and to demonstrate that the appropriate reactions are taking place in the reactor. A
Nova Multi-Gas Analyzer was employed to monitor the concentrations of hydrogen, methane, carbon
monoxide, and carbon dioxide in the gas exiting the scrubber and prior to the compressor. All of the
gases except hydrogen are detected by a high precision infrared detector. Hydrogen was monitored by a
temperature controlled thermal conductivity cell contained within the analyzer, compensated for carbon
monoxide, carbon dioxide, and methane. The levels of bulk gases were consistent between the test runs,
at levels which indicated that the treatment process was proceeding optimally.

Nova Oxygen Analyzer

As part of a comprehensive plan for the safe handling of hydrogen in a closed, heated vessel, the
concentration of oxygen was monitored on a continuous basis. A Nova Oxygen Analyzer, equipped with an
electrochemical cell, was used to sample the product gas exiting the scrubber prior to the compressor to
ensure that there was no oxygen in the system. If oxygen had been detected above a specified limit, an
alarm would have automatically alerted the operator to take the appropriate action. This alarm was never
triggered. A backup analyzer was also kept on-site.

Off-Site Laboratory Analysis

Table 4-37 outlines the sampling and analytical program for the treatability study, designed to characterize
the system inputs and outputs. Sampling locations are illustrated on the process flow diagram included as
Figure 4-18. These analyses provided data for the determination of TRM desorption efficiency, system
DRE, mass balance, as well as the fate of the inorganic contaminants.

Laboratory results and vent gas sample results are included in the Data Compendium. A discussion of the
analytical methods and associated QC is included in Section 4.3.

4.6.3 Effectiveness Evaluation

The effectiveness of the Eco Logic pilot scale treatment unit on the Hot Spot sediment is discussed in the
following subsections. The first subsection discusses process performance in terms of the analytical
results for the various outputs from the process. The second subsection discusses the materials balances
for the pilot test. The results discussed in this section were used to develop the concepts for full-scale
application discussed in Section 4.6.4. Where appropriate, the process is discussed as two processes,
thermal desorption separately from. chemical destruction. The process is also discussed as a single
operation, based on the way the pilot test was performed.
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Table 4-37
Sampling Locations and Analysis for the SAIC/Eco Logic Pilot Scale Test

~. Sample Sampling - “Parameters Test Run and
Location/Matrix Technique Analyzed Frequency~
S1  screened hot spot compasite grab collected PCBs. SVOCs, metals, oil & grease. All test runs in duplicate
sediment feed from pre-designated ! EOX. chloride and sulfate, pH, and
i buckets prior 1o waste % solids
. processing
: PCDD/PCDFs A3, P1, P2, and P3
......................................................................................... TCLP e P2 AN P3
S6 treated solids grab sample collected PCBs, SVOCs, metals, oil & grease. P2, in duplicate
v from TRM catch pot after ; chloride and sulfate, pH, and % solids
! waste processing : ;
! complete PCDD/PCDFs
'- : P1 and P3; P2 in duplicate
TCLP
__________________________________________________ _i Pl induplicate; P2 and P3
S4  scrubber effluent, grab sample collected PCBs, SVOCs, metal, P1, P2, and P3 in duplicate
pre-tertiary treatment ; directly from scrubber PCDD/PCDFs, oil & grease, chloride
_____ ! after waste processing and sulfate, pH, TSS, and TDS :
S5 Scrubber effluent, grab sample collected PCBs, SVOCs, metals, P1, P2, and P3 -
post-tertiary after scrubber solution PCDD/PCDFs, oil & grease chioride
______ treatment : filtered through GAC and sulfate, pH, TSS, and TDS
S9 TRM off-gas to non-isokinetic sample PCB Isomers, PAHs, PCDD/PCDFs A3, P2,and P3
reactor collected of gas exiting
TRM (M23 and M29)
Metals : Pland P3
Chloride i Pl and P2
Particulate P2
S7 scrubbed product gas : non-isokinetic sample PCB Isomers, PAHs, PCDD/PCDFs A3 and P2
: collected of gas exiting Metals
i second scrubber (M23, i P1and P3
i M29, M26A)
Chloride and Particulate P1, P2, and P3
S8 exhaust gas ! Isokinetic sample of final ; PCB Isomers, PAHs, PCDD/PCDFs | P1, P2, and P3
© hot vent gas effluent :
i (M23, M29, M26A)
Metal, chioride, benzene, and A3, P1, P2, and P3
particulate
e,
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4.6.3.1 Process Performance

Overall process performance is discussed in two segments the first being cquipment performance and the
second in terms of analytical results for the process outputs. Process mass balances and the effect on the
evaluation process are discussed in Section 4.6.3.2.

Equipment Performance

During the pilot study, the pilot scale equipment and on-line instrumentation generally worked as
anticipated. The effectiveness of the reactor and the vent gas treatment systems were measured
quantitatively and are discussed in the following subsection. Several operational difficulties associated
with the TRM were encountered during the test. These difficulties may have had a negative effect on the
desorption efficiency of the TRM. The mechanical difficulties are summarized below. Desorption
efficiencies are discussed in the following subsection. '

» During TRM commissioning on-site, difficulties were experienced in heating the TRM to the
appropriate temperature for waste processing. This was due to inadequate propane supply to the
TRM burners, caused by the use of inappropriate regulators on the tanks, and compounded by low
ambient temperatures. This problem was alleviated by replacing the propane tank regulators with
those suitable for liquid propane tanks and capable of delivering adequate propane despite the low
ambient temperatures.

e [t was originally anticipated that SAIC/Eco Logic would process soil at a rate of approximately ten
pounds per hour. However, data generated during the acclimation tests indicated lower than
expected desorption efficiencies, which were thought to be due in part to inadequate residence time
of the soil in the TRM. The throughput rate was decreased by half in order to increase the
residence time and achieve improved desorption of organic contaminants. Factors other than
throughput were also found to contribute to the lower desorption efficiencies.

e  After the first acclimation run, the flow rate of hydrogen through the TRM was increased in an
attempt to improve the desorption efficiencies. This caused an increase in particulate carryover into
the TRM mill casing, but did not adversely affect the performance of the TRM. This problem may
be mitigated in the full-scale TRM through the use of dust shrouds and purging of the dust shroud
area during soil processing operations.

¢ Following the final performance run (P3), the TRM was dismantled and inspected. It was then
discovered that the treated sediment auger had separated from the drive mechanism during the run.
This was a result of slippage of the drive coupler on the shaft of the output solids auger. This
resulted in treated sediment accumulating in the auger, possibly restricting gas flow through the
system and limiting the rate of desorption in the TRM. The auger system was demonstrated in the
earlier runs to successfully remove processed solids from the system. The problem encountered in
the final run was mechanical and not attributed to an inherent design flaw.

e The carry-over of particulate into the mill casing caused displacement of the tin from the tin bath
into the output solids collection pot. This was compounded by overfilling the tin bath in an effort to
ensure sufficient tin for adequate heat transfer to the contaminated sediment. The larger
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